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PREFACE. 



Ik writing this book the principal object of the author 
IbutilwajB been to help such of his fellow- crafts men as, 
■by force of circnmHtances, have been abut cot from the wider 
■axperience which it has b<;eii his good fortune to enjoy. 

It is not snppOBcd that beciiuse a man is ignorant of cer- 
Stain truths connected with hia trade or profession, that he 
r IB desirous of always remaining in that condition; but it 
b must be conceded that very few of ua care to confess our 
H ignorance openly, and accept the toichings of those with 
B whom we have been in daily contact, and for whose ability 
Jwe have entertained only common respect, without question 
^^unbsequent investigation. 

^^Bo man cares to paiado his ignorance who fcols within 
^^piwlf a consGiouane^ of ability, if only the opportunity 
Wior improvement were offered him; and hundi-eds of men 
• in our foundries to-day are earnestly loolcing for the mcuns 
' vhicb shall lift them to a higher plane of usefulness, as well 

u establish within themselves a greater degree of solf-re- 

Bpect 
It will bo a Bonrce of great satisfaction to the author if 

Uie advent of this book should be a help to such. 
As the title indicates, the subjects treated are numerous 

and interustiug, especially to moulders; in fact this may be 

considered as u moulder's book, inasmuch as its pages are 
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devoted almost exclusively to auch things jis perpkx the 
moulder iu hia ev6ry-d:iy experience. 

Care has been taiion both m detailed deacription and 

profuse illustration to make everything plain to the reader, 

and the choice of subjects for illustration has been made 

with the view of bringing out the best and most correct 

L ideas of moulding. 

It ia hoped that the subject of Crystallization, herein 
reated in mere outline only, will interest the reader suffi- 
ientlj to cause still further inveatigation in that important 
fbranch of science. 

The author hopes that the chapter on fteBsures will, in 
some measure at Icist, help to dispel the mystery which 
has hitherto surrounded that subject, and thinks that the 
table appended will be appreciated by auch a« do not care 
to study the whole subject as presented. 

When it ia remembered that cupolas, ladles, cranes, and 
all appliances for transmission of power, are in the hands 
of specialists who might in a majority of cases furnish a 
better article at less coat, with all the necessary formulje for 
their successful working, the author judges it would have 
been unwise to admit the discussion of auch subjects in 
these pages, to the exclusion of topics of far greater interest 
to the moulder. 

The tables, some of which are original, will be found nse- 
fnl in daily practice, and much time usually required for 
calculation wiU be saved by consulting them. 

Simpson Bollasd. 

New York, 
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PART I. 
INTRODUCTION. 



MOULDERS: PAST, PRESENT, AND FTJTUR 

Wb often see in the "witnt" colnmna of our trade joiil^" 
nals and newspapers where some young man advcrtJEea 
bimsolf aa not only being capable in all respects to fill tlie 
poeition he seeks, but backa up the application by saying 
that he holds a certificate of competency granted by one or 
other of the groat schools of technology. 

Very frequently this young aspiriiut is sneered at by our 
Bo-called "pi-.ictical fellows," who, I am sorry to say, are 
only too ready to condemn all sucli who have luid tlie cour- 
age to step out of the beaten tnicks in the honest effort to 
thoroughly master their trade in theory as well as in practice. 

Let lis look for a moment at the course this young man 
has pursued to obtain his certificate, after which we will 
compare him with some of his detractors. 

In the first place he had a sensible father, who eyery 
day suffered more or less on account of the lack of e^t 
cation. 
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This father, although an excellent workman, as things 
go, hiid been unable to get beyond the front rank of jour- 
neyraanship from the fact that, like hundreds of others, be 
was unable to give a reason for what he was doing to effect 
certain results in the foundry; and oh ! how many tiuiaa 
liad be seen men preferred above himself all because of the 
" bit of book learning" which they poBsesaed in conjunction 
with the natui'al talents shared in common with himself. 

Smarting from this, be determines tliat his son, who has 
been duly apprenticed to the trade, shall liave full oppor- 
tunity to develop into a good man as well as a good mechanic, 
and BO proceeds to surround him with good influences, 
excites his ambition, and encourages him in all legitimate 
means to obtain the desired end. 

He enters him on the rolls of the nearest institution of 
learning, technologiKil or otherwise, where at evenings he 
at once begins a course of study which wiU enable him to 
□ nderstand his trade in all its bearings; and as this mode 
of procedure is productive of increased zeal, every day 
sees the foundation of a useful career growing at a pace 
which before had seemed impossible of realization. For 
it must be remembered, that as the boy increaaos in knowl- 
edge his ambition to excel kindles to the heat which will 
keep him constant to his studies, insuring success in the 
end. 

This, then, is the young man who poBsesses the certifi- 
cate, and where is the sense or reason in sneering at him ? 

We will inquire into the difference between him and such 
shopmatea as have not qualified in the lines of thought 
pursued by the former. 

Firstly, his acquired knowledge enables liim to determine 
the nature of the materials he works with, and by a careful 
analysis of such before using insures a measure of success 
Bwhich the uneducated is a stranger. 

^condly, the foundry fui-nishes abundant opportunity 



PAST, PRESENT. AND FUTURE. 



for the practicitl dcmonstnition of tho almost numberless 
theories iu natural philosophy, anil of exploding aleo 
several so-called mysteries which haye gathered around the 
businesB of founding owing to the iguoranoe of the past. 

And what an advantage our educated young man has 
over his fellows ! — for, knowing absolutely what will rcEult 
from certain modes of procedure, he can easily avoid all 
errors, and thus secure distinction and recognition ; tor it 
must be conceded that if the intelligence of the moulder 
measured up to tho magnitude of the job he undertakes to 
do, barring accident, he would never fail in its successful 
accomplishment. 

Instead of sneering at the refined young man in the 
foundry, let us rather thank God tJiat the ignorant father 
was led to do his duty by his son. And such of us as have 
boyeof our own, let us hiisten to do likewise; for, rest aaaiired, 
it is only through determined effort in the right direction, 
by the fathers of to-day, that future moulders will be supe- 
rior to those of tho past. 

But 1 am persuaded that we have entered upon a new 
cm: the schools are slowly but snryly accomplishing their 
great work; and as education increuaes, intemperance 
with its train of evils recedes from view. The sot in our 
foundries seeks to hide his face rather than to flaunt his 
ahortcomings. 

I can with great pleasure now see tho leavening in0u- 
eiice of intelligence : these young men are the atones, as it 
were, which mark the march of intellect iimong us; and 
before long I hojw to see moulders take the place which 
legitimately belongs to them — the very foremost rank iu 
the trades. 

1 am anxiously looking for the time when it shall not 
be necessary to call in the aid of au engineer to arrange 
for the production of castings of more tlian ordinary 
magnitude, aud when, by reason of such a course as is 
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larked out aboye, such doea occnr, then will the moulder 
e able to command such remuneratiou for his labor as will 
e for him the title which by rights belongs to him — 
e prince of mechanicB, 



TO ArPRENTICES. 

The whole of our tmde is not learned exclusively in tho 
foundry, and fortunate indeed is the apprentice of to-day 
in having for his guidance so many avenues of information 
other than the dally routine of the shop in which he is 
serving his time. Inunmerable opportunities present 
themselves to-day for the young man's advancement in his 
trade, which did not exist when some of ua were boys. 
Such being the case, it is surely not too much to expect 
that superior akiU should be developed at this day, wlien 
compared with times past. The busiuesa of writing on the 
subject of moulding has until lately been monopolized 
by theorists, whose efforts have in the main pi'oved full- 
urea, so far aa the object for which they wrote ia concerned, 
entirely misleading the uninitiated, and of no practical 
service to the workman; for the simple reason that the 
author has not had the practical training i-equisite to 
understand intelligently what he was writing about. 

It is not to be expected that a mere observer of our 
trade, one who collects his data from books with ideas 
vague aa his own, can underetand from such an appren- 
ticeship that which a hfetime's experience in the work 
itself fails very often to accomplish. 

True, there were some few engineers of rare ability in 
their own sphere who, seeing the neceasity for tiaefnl and 
instructive manuals for tho iise of moulders, wrote works 
far beyond the intelligence of most moulders, yea, abso- 
Intelj unintelligible to great numbers, owing to the fact 
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that the mooldcra were ignorant of the various bmnchea 
of natural philoaophy, and therefore could not understand 
them. 

These books are only to be found in the employer'a 
office, uuuaed, and covered with dnst. During the last few 
years a gradual change haa buen tiiking place. We now 
find many of our most intelligent niouldei-s who are not 
afraid of publishing tlieir opinions upon subjects relating 
to the trade they follow. ~ 

It used to be sitid that our best workmen were the 
able to impart thuir own knowledge to others; but I 
proud to say that many of our numbers have come to 
front in foundry literature, — conclusively refuting the 
above stigma. 

My object in writing this is certainly not to excel iia an 
antbor; that would be presumption on my part, inasmuch 
as my time haa been spent iu the foundry ; but I am 
anxious to have a plaiu talk with young moulders, aud, if 
possible, help them to understand their trade, as well as 
their responsibilities, better, in order to qualify themBelvcs 
for preferment. 

There haa always been more or less repugnance on the 
part of parents to apprentice their boya to the trade of 
moulder, arising in a large measure from the fact that, to 
all appearance, it was not as clean and res^iectable as that 
of pattern-maker or machinist; and moulders themselves 
have contributed in no small degree towards making it 
unpopular, lacking, as they liave, a right appreciation of 
their calling; but, thanks to the influence of superior edu- 
cation, not only moulders, but also the rest of the iron 
trades, are beginning to realize that the trade of moulder 
is not only respectable, but that, in order to become an 
expert in the art, demands are made on the intelligeucc of 
the man far greater than are required to mastei' other 
bmnches of the metal industries. 
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I'The moral tone of onr fonndries has improved to a 
nmarkable extent of late, and amoDget our moulders are 
now to be found some of the brigiitest and best men of the 
dftj — men with whom no parent need be afraid or ashamed 
to trust their sons. 

Reverting to the subject of cleanliness, I am persuaded 
that if tlie sjime care was exercised to keep the foundi-y 
clean and in order as there is for the pattern and machine 
shop, we should hear less complaints on that head ; and 
when we remember that the great Michael Angelo himself 
had to work amidst the chips and dust from the stone 
which he so marvellously chiselled beloie he could iicconi- 
plish the miglity works of art he has given to the world, 
we need not be fastidious with regard to such minor 
matters. 

" Wliat age shall I apprentice my son ?" is a question wo 
often hear asked by the parent. If he is to he a moulder, 
let him not be older than fifteen years, as the nature of 
the profession detnanda that the apprenticeship shall be 
a long one ; coming young to the work, he all the more 
readily adapts iiimself to the nature of his calling, and has 
ample time to go through the legitimate rontine required 
to make a good mechanic. 

Let me here observe that a gi'eat mistake is only too fre- 
quently made by the piirents when their boy commences 
work, and the boy himself readily falls into the snare, — 
which is, to imagine that there is no further need of school 
and study. Avoid this common error, young man; and 
realize, if you can, that now is the time to apply such 
knowledge as you ali-eady possess, and that you need to be 
making constant additions to your knowledge, and prepar- 
ing the mind for the increased demands which will be 
made on you, as you march, as it were, step by step to the 
end of your apprenticeship. The fact that such results 
ensue from a certain course of action is not the whole so- 
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"*lfitioti of the problems wUieli daily present tliemselTeB in 
the fouaOry; therefore let the intulligeut young tntin, who 
baa chosen to be a monlder, continue hie education, by 
pursuing n course of study at home, or better, ut one of the 
schools of technology, in Buch bmnchcaof natural philoeo- 
I phy as are liktily to be of use to bim whilst be is learning 
hifi trade. 

By BO doing, a real and intelligent knowledge of the 
business will be acquired as he goes along, enabling him to 
do that which hundreds of Bo-Citlled moulders are unable 
to do, viz., to give a reason for every step he takes in the 
execution of his work. 

Another desideratum is to cultivate the acquaintance of 
such of his shopmates as are upright and sober; and in all 
things, tjoth in and out of the shop, let hia deportment be 
such as will command the respect of his superiors; by so 
doing he will not only gain their good-wJll and help, but 
will also be Inying a foundation for the future, which will 
enhance Ms prospects more than he thinks for. 

Of course the young man must not flatter liimself that 
he is going to master all the intricacies of his trade without 
meeting many difficulties, and perhaps failures ; but if 
after due eSort on his own part he should still fail to see 
his way clear, let him make known hia troubles to the 
foreman, or some of the most skilful and sensible men, 
who will at once assist him to overcome his task, and take 
great pleasure in doing it. 

Lastly, he must select for his companions only such ns 
will assist him to rise, being ever ready to reciprocate their 
efforts in his behalf; maintain a strict integrity and deter- 
mine to manfully do his share in keeping up a high intel- 
lectual and moral standard in his profession. 
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A PIKST-OLASS MOULDER. 
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Such is the title iipiilioil to muny of our trade who, if 
cir capabilities were examined by the light of modern 
research, would be found utterly waiiting in the principles 
and laws which govern the art of moulding. 

It is not enongh at this day that a man who takes to 
himself the above title ahall he able to prodtice a creditable 
casting from the pattern given him to work ft'om. Tbe 
probabilities are that everything ia found in good form for 
its production, the methods of manipulation Laving been 
thought out by some one in advance of him, either foreman 
journeyman — not nnfreqnently the latter. 
Very many of our so-called "flrat-chiss raonlders" are 
iTer only in their ability to "catch on" or "pick np" the 
of working going on around them. Such men will 
have their organs of imitation well developed, and in more 
senses than one will rank only with the parrot— as mere- 
copyists or imitators. Others, again, having excellent 
memories, can recall experiences, either of themselves or 
others, and turn such to good account by avoiding past 
errors or by again adopting means which liave worked sue- 
illy in the past, and thus escape present disaster. 

not my aim to depreciate in any Eonse the work o[ 
whose natural intelligence is their only reoomraenda- 
, for it must be admitted that such men have been in 
past great factors in foundry practice, and it is not 
to dispute their authority before examining into the 
i by which they have arrived at their eonclusiona ; for 
lack of acquired knowledge creates within thorn the 
1 quality of sharp wit, and their very naturalness 
Iggests tn them a mode of reasoning which, if not strictly 
will be found in tbe main to come so near the 



truth as to oomniond the respect of tbow vtw «re mora \ 
thoroaghly initiate J 

Pass throng auj one of oor best foanilries, haA not* I 
the several monlders working &t their re^]M>ctivo jobs. Tal 
the caaiitd> observer ererything appears tu inuve aloiigfl 
Btnoothly, saggeatire of a coinpleto iiuistvry over ii)l thmU 
roroplei and isLricate problems to be soiveil in the oaD>fl 
sLruction of the several moulds ; in fact, it would apjienrfl 
anomalous to call them ut all difficult when wo ubst-rve tlupa 
apparent ease with which thuy are acoomplisiioil. I 

But we are much deceived if wo iiitugiiie that thid hufl 
always been the experience of the foundry iu question. I 
On making inquiry, we discover that proaeiit siiocesB is:l 
onljtheroBult of repeated trials iu the past, actual failui'eR.l 
ivering to the workman the need of greater oaiv, OT^ 
strength, etc., of the various parte of lua mould). ■ 
jt is not going too far to say that in many instuncel, S 
disaster has {ollowed disaster, chaiioe has eoiiiu to J 
relief and opened ap the way of sticeosa. I 

only men to-day who can claim the title of "8r8t- J 
moulders" arc tliey who, seeing the end from thsJ 
ling, pursuQ an intelEigont course Lhroiighoul thafl 
procesfl of forming their moulds, and ai'u abtu tot 
s reason for every move they make, I 

The moulder must possosa coTistructive ability of no4 
mean order, as demands arc miido upon him in this pii^iJ 
ticnlar which call Jiot only for sound practical oxporleiioe^i 
but for a mental development superior and only poasiblrt 
in Buch men as hiive determined to merit the title above'l 
mentioned, and studiously and zealously work to maintaioV 
BQch title. Not only ought the sovenil branches of thM 
trade — loam, green-sand, dry-sii)ul, and core-making — t)M 
all equally mastered by him, but also the ability to proiluoM 
the molten iron for the finislied mould in such mixtaro andv 
condition as will bout serve the requirements of tha uua. fl 
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How Ciin any moulder daitn to be " first-cLiss" wlio 
L-cauiiot judge of the fitness of the cores supplied for bis 
I mould, and must in all cases trnst to the core-maker, 
! knowledge of the matter may be even less than his 
own, and very naturally bo, too, when wo consider that, 
from & misconception of the value and importance of that 
particnlar branch of the trade, even green laborers are per- 
mitted to produce such cores, — a simple case of the blind 
I leading the blind, with tlie inevitable result of both falling 
' into the ditch? Nor would there be any jnatice in the 
claim for excellence made by any moulder skilled only in 
one department of hia ti'ade, io the eicluaion of all the 
refit. 

The basis of escellenca consists in tlie association of all 
("the branches, inclusive of the cupola (last, but not least); 
f and it is not too much to expect in these days, when 
s opportunities for the acquisition of knowledge are so 
Lplentifnl, that a firpt-daes moulder shall answer to the 
f standard herein laid down. 

The really first-class moulder leaves nothing to chanct', 
', as before stated, "sees the end from the beginning," 
*«very step he takes in the prosecution of his work mani- 
■■Jesting a previous study of the science of his business. He 
%^now8 that his sand is suitable, because, along with his own 
I'fizperienco and observations, he has studied the subject 
I thoroughly, and can tell beforehand what mixture ho 
s to bring the silica, alumina, etc., into correct propor- 
^■tions for the wo]-k in hand, 

The flasks and other rigging he makes will be reliable, 
because he will have made the necessary calculations as to 
the weight to be sustained and pressni'es to be resisted, 
and proportions his arrangements accordingly. The oft- 
repeated query of the foundry, "I wonder if this is strong 
lough ?" never enters hia mind : he kuows it is. 

44it&^^SU^U^#r.% Jiould must be secured 



I weights, the firBt-clasa moalilor never woDdera how much 

I weight he ought to place tliercon. He has made a careful 

j study of hydrostaticB and kindred subjects, aud applies the 

knowledge gained thereby to his every-day practice. By 

I this means all the apparent mystery in moulding is made 

to vanish in a manner tmly astonishing to his sliop-matea 

who are so unfortunate aa to have joined the " pooh-bah" 

I association. 

To sum up, ignorance is at the bottom of all this so- 
' called mystery in the foundry. I shall be amply repaid for 
this writing if I awaken in moulders a greater desire for 
I knowledge than has manifested itself hitherto. It is fool- 
ish to say, as some do: "Oh, my education was very lim* 
," or, " I never went to school." To the former I say: 
n finish your education now; and to the latter. Begin 
Surely there is more pleaetire iu growing wiser, 
t ever so slowly, than there is in remaining ignorant, 
to be laughed at hy the more ambitions ones around 

the young men in onr fonndriea I would say, Keep 
up your education by constant application to stndy. You 
need all the knowledge you can get to thoroughly under- 
stand yonr trade. Schools of instruction are becoming 
numerous all over the land, and must not ho despised as 
tneans for cnlturo in the trades. In these institutions in- 
telligent workmen may receive such instructions as will 
perfect their practical education and make them in every 
respect worthy the name of " first-claaa moulder." Lack- 
ing the opportunities of such schools, the moulder must 
make a school for himself. It is importiuit to study. 
Where one studies is of minor importance. In these 
times, when opportunities for learning are more than 
plenty, there is no excuse for ignorance. 
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EDUCATED MOULDERS. 

k KOBE SCIENTIFIC BDOCATION NEEDED— OOOD WORKMEN 
{ MUST UNDBRSTA.NI> THEIR WORK IN ALL ITS DETAILS. 

Moulders need instniction in some of the parts which 
to make up a purely " Bcientiiic" education, whetlRT 
y are supposed to leceive euch an education or not. 

The BciencD of figures, of geometry, of chemistry, and nil 
knowledge wliioh velntes to these snbjecte, ougitt at least 
to be measurably known to every moulder who aspires to 

recogniKod as an authority on foundry matters. 

Because a man has reached the age of twenty-five, or 
flren forty-five, before ho discovers this fact neod not deter 
him from at once proceeding to rectify the miBtake he baa 
made; and, depend upon it, all that is required, even at the 
latter age, is a firm determination to make tlie future, in 
some meafiuro at least, correct the errors of the pjiat. 

Somo one has said, " A good mathematician would make 
a good man at anything else ho might essay to do." This 
is true, as it is impoi^ible for any one to excel in the 
science who cannot concentrate his whole mind diligently 
on the one subject ; and any man who pos^^esses this power 
of concontnition need not hositato about quiilifying him- 
self in the branches of soience before mentioned. 

Moulders need to bestir themselves in this matter ; for 
those who cannot road " drawings," for iustancc, however 
oupabte tliey may be in other respects, arc being gradually 
relegated to the ranks of incapables. 

Aa well might wo expect to sec the draughtsman in- 
structing the pattern-maker from tho drawing which he, 
the pattern-maker, ought to bo able to read as that tho 
pattern-maker ahoulil have to be sent for to iustruct the 
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moulder in laying out bia work — a truly Bad sight in any 
foundry, when the nature of the caee ia fairly understood, 
inly man who can. claim to be a thorough moulder, in 
I particular, is he who cau "read" the drawing from 

|!ch he ia expected to work eufficiently well to enable 
1 to accompliah his jobs without the aid of any one. 

There need be no hesitation about undertaking these 
studies on account of their seeming irkaomeness, for, rest 
asBiired, once they are begun each exercise will furnish tlie 
desire for further effort. Nor is it to be thought that be- 
cause a man works bard ten hoai'S a day that he is unfit 
lor any further endeavor, I would say to such, that an 
hour or two, each evening, spent in the pursuit of knowl- 
edge would tend not only to the development of the mind, 
but of the body also. 

By such a course the mind, being fully occupied with 
these higher pursuits, disdains the grosser elements which 
have hitherto predominated there, and consequently the 
whole man ia benefited mentally, physically, and morally. 

An almost universal complaint amongst moulders ia 
" that the tnide is a monotonous one." To a great many 
this is strictly true, for the simple reason that they allow 
themselveB to lapse into automatons, doing the same things 
every day with the Siiine procisiou as the machinery around 
them, and with about the same amount of thought. 

They never share in the satisfaction which comes with 
the successful result of intelligent research and observa- 
tion, nor is it theirs to enjoy the practiail demonstrations 
of the wonders of philosophy which are constantly taking 
place around them, giving a zest to toil which makes it at- 
tractive rather than monotonous. 

Moulders, arouse yourselves ! Accept the means offered 
by the many institutions all around you. Teachers abound 
who, at reasonable aalariea, would take charge of aoch 
mutual-improvement associations as might be formed in 
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direct conuecdon witli the trade-unions, thus making t 
benefit asBOciations iu more aenees than one. 

In almost every city of uote ie now to bo found a school 
of technology, to which all thoughtful moulders in the 
vicinity should attach theniBelves at once. 

Lastly, educational literature is now so very cheap that 
there is absolutely no excuse for ignorance. All may, if 
they will, become intelligent in the things pertaining to 
_ their trade, and thus make it a pleasure instead of a toil. 



APPRENTICESHIP BY INDENTURE. 



In discussing this subject I shall confine myself strictly 

the trade of moulder, it being the tnide with which I am 
most familiar. 

Writers in large numbers have come forwai'd of late to 

■ explain the difficulties which beset the several trades and 

■ |irofesaionB to which they belong, some arguing the justice 
l;#Ild propriety of adopting the old .ind time-honored system 

jOt apprenticeship, wliilat others, equally anxious for their 

Jindividnal welfare, have supported the doctrines of Dr. 

I^dam Smith, who claimed that a long apprenticeship was 

innecessary, even for the nicest mechanical arts ; the fal- 

ftlacy of which doctrine we shall endeavor to show, at least 

D far aa it relates to the trade of moulder, 

To such as are ignorant of the moulder's art, the whole 
rasiness seems an unfathomable mystery, and even to such 
e » eiipurfieiiil knowledge of the trade it is full of 
toterest, ever growing, as one after another of the various 
3esseB are revealed, resulting in the finished work which 
? nnleignedly pronottnoe "admirable." 

1 Granting the above, it would appear that more than 
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an ordinary coarse of preparation is needed to miike a 
thorough moulder; sud when I say a thorough moulder, I 
meaa all which tlie words imply, — not in any seuHc such a 
one as is generally understood. 
tTBoally it is said, "such a one is a good pipe-moulder," 
a "good plate-moulder," a "good column- 
ira"good propeller-wheel moulder," eto.; but it 
be l>orne in mind that very many of those are good only 
such special work, and not in any sense master of that one 
job, for the very simple reason that all their munipnlatioiis 
Dot basod upon a tliorough knowludge of the trade, but 
are mere acts of memory on their part, doing only that 
which they have seen done before by other men, thus enact- 
ing the part of the parrot — imitators. Such men are easily 
discovered, even when engaged on their specialties, for 
when anything occurs out of tiie ordinary line of their daily 
drudgery, something which calls for a different hno of 
thoQght and action, tJiey are at once confounded, and en- 
deavor to escape their dilemma by pronouncing the wjiole 
thing a " mystery," and " chancing" it — with the inevitable 
X of a bad casting. 

this state of things is not confined to one fonndry : 
jsTe more or less of this incompetency to contend with; 
ire all ought to be equally interested in finding a 
MQedy for it. 

If wo inquire into the status of the men above mentioned, 
■we shall find that the majority of them have no claim to be 
called moulders, other than the fact that they had helped a 
moulder until they were twenty or twenty-five years old, 
after which the foreman or employer was prevailed upon 
to "give them a show;" the show is given, with the result 
as above stilted. 

Hundreds of others assume the name of moulder, and 
assert their ability to perform any kind of work creditably 
and with dispatch; they back their assertions by informing 
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jou that their trikde waa learned at a fii'st-clase establiah- 
ment; upon these ^temeiite they are hired, and it Geeme 
incredible that such frauds as they prove themselves to be 
coqM have graduated from the Grms tbey refer you to. 

The reason is plain, however: upon inquiry you diBcover 
that their boyhood wae spent in one wild riot, the husinesa 
tb(.*y had engaged to learn being the last thing tlionght of 
by them; and just here let me say that it is a very rare oc- 
currence to find onr hove in full accord with their employ- 
ers after the novelty of initiation into the trade has passed: 
s spirit of distrust, which seems mutual, appears to pervade 
both sides. The boy, more or leas under the evil influence 
of the ruder spirits around him, assumes an air of false in- 
dependence, and asaerts that he is not being rewarded ac- 
cording to his deserts, threatens to leave, makes things 
, generally uncomfortable for all concerned, and finally quits, 
to the infinite relief of everybody, without having Required 
even the rudiments of the trade his parents were anxious 
lor him to learn. On the other hand, it not unfrequcntly 
happens that a boy engages with some unprincipled em- 
ployer, whose only object is to get all he can ont of him as 
long OS the boy ta willing to suffer the injustice; but just oa 
•tranae ho rebels, bis place is wanted for aome other victim: 
this is a crying injustice, and calls for prompt redress. 

When all these and kindred evils are considered, is it 
sny wonder that we have such an army of incompetents, 
vbo insist upon being recognized as moulders, aud does it 
not behoove us as artisans to look for a remedy ? I go f nr. 
ther, and assert that this questionof inferiority as moulders 
ia becoming a national one, for are we not called npon to 
witness the superior skill of the strangers who come to 
make their homes amongst us? 

Well, you say, what remedy do you suggest? I unhesi- 
tatingly answer, let us go back to the ohi method of ap- 
prenticeships by indentarc, which has proved to be tbe 
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I only reliable sofegtiard agiiinsl diSicuittes such :ls we hiive 
I been deBcribiag. 

Jnstice iLud honor demand that we approach Ihis subject 
I nnbissed, and with fiiirnciss to all couctiraod, — the boy, the 
t par ent, the employer, and last, but not least, tlie national 

le says. Are there no good American moulders? 
■e are some, but they are those whose boyhood days were 
Iratched over with deep solicitude by discerning parents 
or guardians, hacked hy a dtieire on the part oi the em- 
ployers to do their full duty by the charge placed in their 
bands; thus in reality fulfilling every obligation which a 
seuaible indenture would bind them to. 

Others again amongst us, whose claims for competency 
are well established, may not have had :ill the advantagtis 
of early training, bat possessed of good nutural ability, 
coupled with an indomitable will, they have determined to 
beoomo thorough masters of the trade, aud hesitating at no 
aacrificowliich the urgency of the case demanded, they have 
pushed tbemselvea to the front, and desorYodly so; but 
rf^ne are a very small minority, and we feel assured that 
^|b men will heartily indorse any action which will insure 
^Heaaier and surer way of lifting their fellow-men to the 
^Rmt ranks in their profession. 

It is urged by some of the opponents to the system of ap- 
prenticeship, that the institution interfered with the pi'oj)- 
erty which every man has oi' ought to have in his own 
labor, and also that the object is to maintain a high rate ol 
wagefl by stinting the number of persons who are engaged 
in the occupation. Dr. Ad;iin Smith, above referred to, 
I and some of hia school, claimed that it not only interfered 
I with the liberty of the workman, but also with that of such 
I wi may choose to employ him, who were the best qualified 
HuBdga of his ability. They further contend that such 
^Hs tended to restrain oompetitiou to a much smaller num- 
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ber than would otherwise enter a trade. They also limit 
the time nwtiasarj to kiirn such trades as watch aud clock 
making to a few weeks, or even d;ija. 

Whilst Bome of these arguments may seem feasible, there 
is to my mind a good deal of error running tb 
whole, specially the latter, in regard to length of time 
neceEsary to learn a trade, which is simply ridiculous. 

"Apprenticeship, in law, is a contract whereby one per- 
son, called the master, binds himself to teach and another, 
called the apprentice, undertakes to learn some trade or 
profession, and to serve his msister some length of time." 

The object of the above is to secure for the apprentice 
such a degroe of proficiency in his trade as will enable him 
to earn his living creditably, the only return foi' which is a 
certain stipulated time of servitude to the person engaged 
■with. 

Let UB look at some of the advantages this method offers 
to the boy. In the first place, allowing that the age of the 
boy is fourteen yeara, there is comparatively no difficulty 
in getting him into full sympathy with the agreement, 
whose conditions become part of his belief, and conse- 
quently part of himself; any irksomeness which might 
present itself to liim is immediately dispelled when he re- 
members that his skill as a moulder is increasing as the 
years go hy, thus creating an ambition to he esteemed a 
man and aq artist when he shall have attained his major- 
ity. 

The advantages of a legal apprenticeship can only be 
fully appreciated by such as have passed tlirough that de- 
gree of probation, especially when all the conditions have 
been met, mutually, by both parties to the contract. 

The method engenders a feeling of kind regard for each 
other, as it is alwuya to the employer's interest to he kind 
to his apprentices, and take pride in watching thuir steady 
progress, 



From experience, >is well as from information oaiefully 
' gathered, I am persuaded that a boy duly apprenticed re- 
' oeivea a greater share of the j'oumeyman'a sympathy and 
L help than do those who are casually engaged to serve a full 
ma or otherwise, as either or both ahull determine. 
ITo moulder of goodsonnd judgment and practical ability 
■paas throw gh our fonndries without being strack by the 
ihod manner and methods the majority of our moulders 
' exhibit in the use of their tools, a large number of which 
tools arc practically useless to most of them, for the reaaon 
that their apprenticeship was neither long enough uor as 
thorongh as it ought to have been, to acquire a nice artis- 
tic use of them. 

Who ever thinks of making a thorough musician of hia 
boy, after allowiug most of his yonug days to be spent at 
some bard calling, which demanded more than ordinary use 
of the hands? After snob training it would bo impossilite 
for the yonth to adapt hia fingers to the nice manipulation 
required to give due effect to string or key of the instru- 
ment chosen for him. And just so is it with regard to a 
moulder : a boy entering the trade in his early yonth, under 
the favorable anspicee mentioned above, attains to such a 
degree of proficiency in tho use of hia tools that nothing 
can deter him from turning out his work, stamped on 
every part with the mark of a true artist. 

The question may be asked, " Who will bo the gainer by 

^adoption of a general system of lawful apprenticeship 

! artisan or the employer?" I answer, both; and 

3ier, I claim that it would be productive of a better 

IS of citizens, and therefore a national benefit. 

It seoma to me that the moulders' unions could by a 

npreme effort become the pioneers in a movement which 

I ironld bring about tlie above-mentioned reform, and I feel 

rared that no nobler object could possibly command theii 

I eerioDB attention at the present moment, 
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1 aware tliat it will be urged by some that it will 
d to make the trade more oxclnsive; but that, I claim, is 
I their riglit eqimlly with the professioHB, who for very good 
t reasons elaim protection on account of the forced appren- 
I ticeship to whicli they were Buhjected before tliey could 
I obtain their diplomas. 

But does not the public gain by the Byatem, inasmuch 
is they are protected asainsfc fraud and deception? And 
just 80 would employera be protected against incapable 
mechanics. This latter ought to commend itself to the 
earnest consideration of all employers, causing them to co- 
operate with the trades unions, with the view of establiBli- 
ing a sound system of apprenticeship. 

This done, 1 have no hesitation in saying that tlie next 
generation of moulders would verify all I have said on this 
aabject, and prove themaelves equal, if not euperior, to any 
in the world. 



MOULDERS' TOOLS— THEIR USE AMD THEIR 

ABUSE. 

Some one has aiiiJ that "neither wise men nor fools 
could work without tools," and again, that "the poor 
workman is always finding fault with his tools;" bat if 
his tools are tho only things he assails, we may leave him 
to hia quarrelling, and endeavor to do better ourselves by 
not only having the proper tools, hut by having a full 
knowledge of their right use. 

By some it is thought that a moulder requires very few 
tools and that "few" of a very simple kind, and somo 
mowlders themselves boast of their ability to accomplish 
their work as well with a coat-pocket full of tools as 
others whose tool-chest is packed full of them; bat if 
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I these gentry are carefully watched it will be discovenj 
I that they are constantly borrowing from their neighb 
1 to make up for their own deficiency. 

Another thing we may notice hero is, that no small 
K.Biimber ot our so-called journeymea mouldera really need 
\ Tory few took, never having learned the propur use 
1 ail, in consequence of which their jobs are turned 
E by hand, so to speak: in other words, made as well as 
> hands and a big square trowel can make them — a 
B to the man as well as to the foundry that employs 

Tt is my purpose herein to explain the simplest t( 
nsed in the trade, as I see almost every day a : 
of them. 

The shovel, for instance, to somo men's minds is a thing' 
of very small importiince; no attention is paid to keeping 
it clean and well trimmed: thoy seem to forget that such 
neglect makes it much harder to dig with, or to clean off 
a joint, and of course the lives of both man and shovel ore 
materially shortened thereby. 

Bruahea, riddles, sieves, and bellows are equally ill-cared 
for, with a similar result. I advocate the method of sup- 
plying each moulder with a full set of the articles above 
mentioned, holding him responsible for their safe keeping, 
and to be returned when he leaves. 

It is customary for firms to supply these articles; but, 
ffiepting the shovels, they allow only a limited number 
9 others for general nse: this is a mistake. I have 
t both plans, and always found the former to work 
fet profitably. 

damps and wedges come nnder the head of tools 
\ supplied by the firm, and, simple though they seem, it is 
wrtont that they be miide correctly, otherwise disaster 
^frequently ensues. 

mpB should always be made with the vit^w of lieiug 
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strong enough to ri'sist the pi-esauro exerted by the mould 
they are iiiteuded to secure. Very often we find them 
.made with the comers rounded, as shown at Fig, 1; Ihis 
wrong, inasmuch as it reduces the part wliich ia called 
ipon to bear tlie most strain to the weakest part of the 
olamp. 

Clamps should always be made after the manner shown 
at Pig. 2, especially such as are made of cast-iron. 

wedges, which ought, if possible, to 




be made of wrought-iron. and fashioned as shown at 
Fig. 3, not as we fi-equontlj find tlicui, as seen at Fig. 4. 

Those shown at Fig, 3 may be ustd two together for 
work requiring great security; Fig. 6 illustrates the 
method of using them; the others are simply valueless for 
Ctitical jobs, and ought to be discarded. 

A screw-driver and wrench, if not supplied by tlie firm, 
ehonld he purchased for private use by every moulder, 
the former being always at hand to loosen any part of 
I pattern that will facilitate the moulding of the job; 
prhiUt the latter will save hours of time and much dis- 
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tnntment in hunting up the one belonging to the s 

, strBDge to say, is always lost nheii wanted. 
D a careful moulder a. pair ot Oiilipers is iniliBpeusahle. 
r ridiculous tlie man appears when, tipou trying ofiF liis 
, he finds more or less ot hia upper bearings crnshod 
Fon account of the cores being too large; or, opposite 
to this, when his casting is examined the core is found out 
of the centre, for the ainiple reason that his core was 
too small ; either of which faults could have beeu avoided 
by a right use of the tool above mentioned 1 

Parallel etraight-edges, level, compiiases, trammels, and 
square are nsually supposed to bo required by the loam- 
moulder only. I claim that every moulder should possess 
these tools, and what is more, he ought to make him- 
self acquainted with their uses; for he knows not when he 
may be called upon to demonstrate whether ho knows hia 
bnsiness fully or not. 

How simple one of our best green-sand moulders is made 
to appear when, if called upon to make plates or rings for 
the loam-moulder, he stands aside whilst the latter marks 
out the lines for his guidance! This ought to inspire 
every moulder to learu all of his trade, and save liim the 
disgrace which such a thing subjects him to. 

For the guidance of snch as are ignorant of, and desire 
to learn, the use of the above-mentioned tools, I will here 
describe tlie whole process of levelling a bed, and drawing 
^*greon a simple job. 

^HA%. 6 explains the process of laying down the straight- 
^^Bde preparatory to making the sand-bed thc-reon. 
^^H)be straight-edge A is hrst set level in tlie floor, resting 
I on each end only; straight-edge B is then set similarly, at 
I the required width; the parallel straight-edge C is sot 
I across the ends of botii, as shown, and the end of B raised 
I or lowered until the level shows it to bo level with A; the 
I level is then placed lengthwise on B, and the opposite end 
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plated until B \a level iilao. The Btraight edges iire 
tow Becnred, and the sand-bed i>repared in snch a manner 
t Bnit the job as to depth and degree of hardness. 
We will siippoee a pUite is to be made square at the 
onter, and round at the Inner edges, having six eqnii] 

I divisions drawn on the inner circle, one lug in the middle 
bh each of the four sides, and four round holes in some 



Rg.S. 

certain position cast in tlie body of the plate, as seen at 

Fig. 7. 

After setting in a centre-peg A, with sm.ill hole for the 
point of the trumniel to work in, lay straight-edge B par- 
allei with the bed, and fair acroas the centre at A draw a 
line across, cntting the centre hole; then set the square C 
against the straight-edge, with the corner ti-ne to the cen- 
tre liole; keep the square exact in thia position whilst you 
move the stmight-edge and placo it against the other side 
of the square, aftt'r which the squjiro \s removed and line 
D is drawn. You now have two ccutro-lines at right 





aeouujBBS' tools. 

I to each other, fr^m which Hiiob you must n 
for width and length of pSato outside. 
All that la now i-equired for describing the four holes in 
Q body of the plate is to ascertain their distance from the 
mtre-linea, marking them off each way as shown at EE; 
: intersecting point of these linea will be the centre 
e holes required. 
^aose the sides ore all equidistant from the centre. 
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e centre-lines themselves give the position of the luga as 
ttfttl*. 

jkll that now remains to be done is to Bet the trammels 

i required radius and draw the circle, the six divi- 

I of which are obtained by marking off the length 

the radiuB nsod to draw the circle. Any number of 

s of the circle in this proportion can begot by snb- 

Idirision of the sis, as twelve, twenty-four, forty-eight, etc. 

It will be observed that the circle is divided in four 

jy the centre-linea: subdivisions of these will give eight, 

»xteen, thirty-two, etc. To such as are scholars this 

hort lesson will be uninteresting; but to others who are 
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ignorant of geometry I say, Do not reet at this simple; 
illustration; got books on the eubject, and study hard: 
will repay you, 

A small water-pot with neat swab is a useful adjunct to< 
a moulder's outfit, providing it is used with discretion, 
careful workman has one for hia own private use, to stiffen 
an edge with where it is absolutely necessary; but should 
it be required to use more water than is good for the safety 
, of the mould, ho will sue to it that the extra moisture i 
^diied out before he casts. 

Not so the careless or the incompetent workman: he 
lases water to save labor in finishing, and should his caet- 
[ng be measurably free from blisters and scabs, which 
I yery rarely the case, it is certain that holes will be 
(onnd in the upper surfaces, caused by the extraordinary 
mount of steam which is generated in such a damp mould, 
ind which steam no ordinary amount of venting will carry 
(Bway. 

This brings us to the subject of vent-wires and how 
[ito make them. Large vent-wires should always hav* 
the point made aa shown at Fig. 8; this enlarged point 
enters the sand freely, making a hole larger than the body 
of the wire, which follows after without friction. Smaller 
wires only need to be filed square at the end, which slyiuld 
be jumped up a little by a few blows endwise; Fig. 9 givca 
idea of what I mean. 

Gaggers may be considered moulders' tools, as they play a 
very important part in his work, very many castings being- 
lost either from having too many or too few, or from 
not having the right kind. I have shown throe kind; 
■of gaggers at Figs. 10, 11, and 12. Where the amount of 
sand to be lifted is not too deep bolow the bars of the 
flask. Pig. 10 will servo the purpose. The principh 
'involved is to secure, by ramming between the bars, the 
iggers placed therein, so fii-mly that the weight of the 
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', sand will not be safBcient to pull them ot^ 
31y, when such is the case, recourse le bad to chaca 
Ibut very much of the wood naed for this purpose may" 
wed by using the gangers eliown at Figs, 11 and 13. 
1 the bars of the &ask, thus making failure 
tie. 
Kfae Bubjeet of flasks is a very important ono. A chapd 
1 therefore been devoted to its discnasion exclnsiveS 
irhieh I refer the reader, aa I have treated that eubjej 





more fully there than I could ho expected to in 
writing. 

We will now consider the subject of ramming or packing 

the sand against the pattern. This is accomplished by 

tols called rammers, which rammers, if used properly, 

1 not only prevent the casting from swelling out of 

, but will also save considerable finishing by the 

^der. The wooden rammer shown at Fig. 13 is iised by 

lench-mouldore to ram small flasks and snaps with: this 
[kind is preferred by most of them, because they can 
3 one in each hand, if they choose, thereby materially 
essening the length of time needed to ram up their flask8i._ 
rat for general jobbing work, on the floor and in largi 
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flasks, it is necessary to hsive rammers suited to the liefgl 
of the moulder who uses them, as he must inv^riablj atar 





to his Tork. Fig. 14 shows the kind of rammer moi 

Buitable for floor work : it may Le either double or sing 



MOULDERS TOOLS. 

Inded, the shank may be of piping with ends castor forged 

I, or the whole rammer miiy be forged solid. Ab stated, 

mming is a very important operation, and the art should 

lelaarued thoroughly, as no amount of finiahiDg will rec- 

■^ faulty rammiug. How often we see castiuga swelled 

s all along tho side surfaces, or, if not swullaj 

Itches and scabs all over: both evils caiisod by i 

inability, as the former results from i 



Fa IS 

X too far away from the pattern, and the latter from 

ming too close, — in all probability frequently striking 

ntteru with the ^ammer^ 

n, how many comparatively good castings are 

by the ugly seam running along joat where the 

>ourse of ramming Joins the other! 

' By the use of Figs. 15 and IG I shall endeavor to give a 

remedy for the evils spoken of. The figures show a round 

i square pipe or column bedded down in the floor c 

Iflask; it is at the joints A, A whore the scams are f 

'y coatiQuing the ramming withont first making the o 
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nection between the two layers of sand good and eolid 
This is remedied by laying down tbe facing-saud alonJ 
the pattern, and carefully packing the joint with a, smallefl 
rammer made for the purpose, as seen at B, B, aftoH 
which the facing can be pressed against the pattern, i 
backed with old sand; the ramming can then be continuet 
as shown at 0, C, taking care to reach the bottom at eaclj 
stroke, and never allowing the rammer to come closer the 
two inches from the pattern. 

We come now to the more artistic class of tools, sucl^ 
as are usually called finishing-tools, a full set of whicl 

If ^'•••'■JiyS-^.ys^^ i' 

[ Fig. Ifl. 

b onght to be the pride of every monlder, man or boy,! 
to possess. The square trowel. Fig. 17, first claims ourl 
attention, because it is the most used. Of these there 
should be four, from four inches to seven inches longj 
of suitable widths accordiifg to length; they should beT 
etiff and unyielding, with an even surface on tbe face.| 
Tliis enables the moulder to retain a pei'fectly e 
on tbe face of whatever part of the mould he smooths witlJ 
them. This is wortli consideration; for, painful as it is t 
relate, a careful inspection of some of our best work will 
reveal some very ugly marks, caused by finishing sucn 
surfaces with old round-faced trowels. 
As these trowels wear down and become pliable thea 











^scf nl tool i 

wd Bervice. 

l>3iaTe many roasons for saying " careful " in reference 
B nse of moulders' tools of all descriptiona; for I am 
J to say tliiit very many of onr moulders, when they 
(obtain a very handy tool, tiike infinite delight in smooth- 
ing away on the surface which it fits, either heedlesB or 



S2 
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ignorant of the fact that by so doing they work the moil 
ure^ mixed with more or less clay, to the front. By an< 
by this clayey surface clings to the tool and comes awa] 
in patches; the ignorant moulder then proceeds to fil! 



^1 

-B iT 1 



Fig. 21. 

up the bad spots with his trowel, smoothing it on thi 
whole surface indiscriminately, good and bad spots alike! 
the pressure he exerts to press in this sand loosens th< 





\t 



Fig. 22. 

already overworked surface, which yields to the first touch 
of the molten iron, and an unsightly scar is the con- 
sequence. But irrespective of the above, it must bo 





Fig. 23. 



1 

remembered that the hard clayey surface caused by over-i 
smoothing with the tools expands as soon as the moltenl 
iron reaches it, and this expansion not being equal all oveifii 



tnrface, butby dogrtH^B m the mould fills up, the sk 

"b mould buckles, caiisiug a vi'ry uimightly as wel 
Bndeairable surface on thu casting. 




I 



Lifteig sliowii at Fig, 21 ought to range from a quarter 
of an inch in width about nix inches long, and advuucu in 
S2e by eighths up to two inches wide, lengths to suit. A 




Tery tieceesary adjunct to the lifter is the weh-emoothers, 
shown at Figs- 33 and 23: these should be inndu to match 
the tiftera as nearly as possible; they ciin be either eiiat or 




arged in the form shown at Fig. 23, or threaded shanks 
ySerent lengths and stiffness can ho procured, on whiub 
& ends may be screwed (Fig. 23). Tbe ktter method ia 
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fcery advantiigeona, aa almost every variety of tool may % 
rCast at a slight cost; nnother advantage is that they a 
much less bulky than those wJilch are forged or cast in t 
piece. These) tools servo a good purpose, aa they e 
the moulJer to finish the bottom of a web with dUpatt 
aud with greater nicety than it would he possible to < 
with the lifter alone. 

Bead and flange tools, such as shown at Fig. 34, ma 
be cast in one piece, or the ends may he loose, as joi 
described. 

Figs. 35 and 26 show smoothers with two faces at r 




Fig. 33. 

gles to each other; one is concave and the other coi 
Ihese tools should only he used to give the final t 
Hhe corners, after the mould has been made pei'fectly ^ 
7 and 28 represent a set of flute tools, the oai 
reaching the outer edge and a pirt of the curve on e 
sidoj the one at 27 finishing the ciirre. 

Again, let mo say that it is very tempting, especially t 
youth, to overwork the mould with these tools, they ruJ 
along so easily, also avoid all smoothing until the faces havd 
been well secured, and then do no more of it than is abso, 
lately necessary. 

Smoothei^a, such as shown at Fig. 29, are made of differi 
ULt sizes to fit all diameters of pipes, columns, etc. Th( 




I'ig. 31 Bbowa the form of tool required to fit the l 
of elbow-pipea, etc., aud needs to be of Bcrera! sizes to suit 
the diiimeter of pipe: for this pui-poae tliey are best egg- 
shaped, aa seen; for globesj tlio outer edge mast bo made 
to a true circle. 

Mgs. 33 and 33 are simply modifications of the one seen 
at Fig, 22, any number of which may be made, in cast-iron 
or brass, to fit the job. 



Fig. 35. 



1 conclusion, let me draw the attention of the moulder 
r class of tools, tlio cheapest of all, hut, if rightly 
, the most productive of real artistio work. I mean 
i of wood to be used for re-forming the broken sur- 
(, too frequently eeen in the mould when a bad pattern 

FSwn from the sand, or when a bad lift occura in the 



ler I 



I simple example will best serve the pui-pose of illtistra- 
i Fig. 34 to represent the surface required. 
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but the edge at A is broken, as seen at Fig. 35; never 
make the attempt to repair such a job by patching with 
the tool after the manner shown at Fig. 36, but have along 




Fig. 36. 

strip made the correct depth of the return, set it against 
the edge, as seen at Fig. 37, and make the corner good all 
along, after which the requisite tools may be used to finish 
with, and a true mould will result. 




Fig. 37. 



The above-described method of finishing put into general 
practice will not only secure the best work, thereby gaining 
distinction for the moulder, but will also facilitate produc- 
tion to a very appreciable extent, thus making it better for 
all parties concerned. 
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patterns are ^ 
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••■'FtAaKa or monliling-boxea in which the 
rammed are made with the view of confining the amount 
of Band to be used to ite smallest limit, consibteiit with 
siifety, and should be made of Euch dimensions as will 
allow of the rammer being used at the distance of from 
2 inches to 3 inches fiom the pattern. If made of wood, 
there must be a sufficieut body of sand between the cast- 
ing and flasli to prevent damage from burning. On this 
account iron fluska (as a rale) can be made much smaller, 
thereby saving time and labor in filling in. 

^^, 38 shows a 14-iuch iron fliisk for small work, and 




e a large quantity of machinery small work is made. 
Bell flaaka are much superior to wooden ones. Having no 
bars top or bottom, they are reitddy rammed and closed, two 
clamps being sufficient to bind them together for casting. 
tot when there comes ii job-reqniring large numbors 
ixtni-light castings, the sand can bo rammed in a snap 



task, in the same manner as 



1 tiio 



1 and when 
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the mould is closed Ui<i fliisk caii be loosened oS and i 
sand cope held down by u flat weight heiivy enough 
resiut the pressure when cast, a bole being cast in thSr 
weight to expose the ninuer or gate. Such u flask ii 
shown at Fig. 39. The hinges and latches are seen st 
opposite corners, the other corners being bolted or screwed 
fast. The great ndvimtnge in this kind of flask (where ii 
can be used with safety) is the number of iron or wdo4 




i«ks it saves, as well ae the rapidity with which it can b« 
worked. 

Fig. 40 is a perspective view of a 24-inch flask. As will be 

wn, this method does away with the necessity for either 

mps, boards, or platoB, the bottom or dmg part, as seen 

t Fig. 41, having fiat bars cast on. Tho intermediato 

irts or cheeks can be made of any depth required. Tha 

in-holes being bored to temjilot insures a flt, no matter' 

4iicb parts are naed. The flask shown has cheek 13 inchei 

Pdeep; others can be made of different depths, enabling^ 

the moulder to rig np a piirt flask to suit bis job in verjr 

short order, nothing being required but the pins and key^ 

which must be kppt in order by some ri'sponsible maiy 

who will see that they are ttiken out and stored when no! 

^,in use. Internal flanges muy bo ciist on the bottom edgB 
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"f the cheeks to siiit the kind of work tliey may be nafd 
'or. For general jobbing purposes this method of making 




.Mimiiifl is good, for, thoagh 'd. little ospcndve at Urst, they 
pay well in the end. 
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LARGER FLASKR, COPES, ETC. ^^^H 

At Fig. 42 a i-foot clieuk pitrt 12 inches deep is showi», 
with iiitemitl flange to carry grates, which may be inacL « 
to fit any form of pattom, as shown at A and li, the gK*.fc— e 
in the former fitting a circle, the latter being square, su cs^T 
as would be required for tanks, etc. The lugs are strox: 
and the bolt-holes are cast in; but the holes for pins mia.. 
be drilled to templet, so that any cheek maybe used f< 
cope or drag. The half-inch strips cast on the edges gi" 
strength enfliciunt for this sized flask, and are more oaai 
made than flanges. The lugs must bo rammed in a eo 
and bedded against the pattern, and care must be talcc 
to have the holes for bolts made right and left. Tt^ii 
internal flange aiUls strength to the flask, and enablea tl^ 
moulder to rig up for any kind of job at no greater c; — 
pense than a few grates. 

At Fig. 43 I have shown the way to make the cope a.r:» 
drag; the notches in the bars will be appreciated byjo'Bt^ 
bing moulders particularly. A shows bar for cope, and. 
for drag. Whore it is practicable, wronght^iron swiv 
can be cast in, as shown at C, Fig. 42; but if swivels mi 
bo cast-iron, let them be strong, as sliown at C, Fig. 43. 

It woulil be preposterous for me to lay down rules fcn^r 
lifting and handling flasks which would be applicable t^o 
all shops; but I show at Fig. 43 two other methods fc:^*' 
lifting purposes, besides the swivels. The one at i? is -* 
cast handle made in a core, and set against the patteic^" 
when the flask is made; of course wronght-ircn may l>- 
Bubfftituted, which is better. At E is shown a ptiiin Ing 
into which, when needed, the ring-bolt F can be mad' 
fast. The latter is very simple, and can be made o^, 
nniversal application. Fig. 44 gives plan of a plain cop^' 
for floor uses (without flange top or bottom) 8 feet square' 




taking pieces can be cast on, as shown nt 6, Fig, 43. 

ihe crosa o\\ tie-biira be placed as seen. The reason 

B and bars being so near alike in tliickness ia that 
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thfl expansion and contraction whilst the box is 1] 
may be kept as near alilie as possible all over. Tli' 
arrangement of crosB-bara is iutenduil to counteract i3Q 
Bome nieiLJjnre the ineqimlitiea of the thrust, giving, 
they do, elasticity to the strnctare. A box of fchia kin' 
cast with good strong iron, will outlast any other kin ^ 
tliat is made for floor purposes. When the sides are m; 
heavy, with fl:mges, etc., cast to their bars, you may loo — ll 
out for a broken bos before it has been in use very long. 



B JLASKS MADE UP OF LOOSE SHIES, ENDS, AND BARS. 

Fig. 45 is a view of sides, ends, and bar for a flask 5 fe« 
wide by 8 feet long and 12 inches deep. As in this c; 
all the parts may bo cast in open sand, a very large fla^^i 
may be strongly made at a light expense comparativcl 7"T 
It will, of course, be readily seen that (if boxes must tz^^^t 
made to fit the job and save labor in moulding) unices* 
some other plan be adopted than to make them all in or^^^ 
piece, the foundry would soon be full of unwieldy flask ^t 
costing considerable time and money to make. It is ^tz^ 
overeonio this difficulty that the method shown at Fi^^' 
45 ia brought into use. It will be seen at A that ihe ba^^^" 
can be cast to fit any form of pattern; the sides can fc^^* 
made to bolt together as cope and nowel, holes for pii::^^^ 
being drilled as shown at B and C; the flanges can fc:^8 
bracketed to any required degree of strength. Let tt>** 
flanges stand in from the edge of side ^ inch so as to leave * 
space of \ inch when they come together, into wliich m» * 
can bo pressed to prevent running out. The end ahoW"*" 
is for a wrought swivel D, which ia secured by a key ^^ 
seen at E, Should the box be very wide, and require b^ 
be turned over on the swivels, the ends can be still furth©^' 
stiffened, as shown at P. At (! I have shown anothi 
method, which saves b(dting of all the bars; this methi 



th|^ 
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OffleaBitates the casting of pockets on the Bides to recoiTe 
"■eend of a plH:n bir, as shown nt 1. Tljese pockets are 
B>sie wide enongh to admit of the projectioa 2 uliding in 




^asil;; when the bar reKta on the bottom this projertinj 
piece is opposite the recess Gist in the pocket to receive 
and la driven homo by the bent iron 3. This iron o 
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wedge is a plain pioce of wrought-iron li iuch wide by i ini^'i 
thiok, bent aa seen, and driven dowu so tliat the bar is 
pressed close into the groove; by leaving this wedge stand- 
ing i inch out at the top it can be quickly knocked out and 
the bar loosened instantly. This is a very quick method, 
and only roquirts a long bolt here and there along the 
length to make ib eqnal, in strength, to the other. Another 
advantage where pockets are Ciist to receive the bars is 
shown at H, as on a pinch wooden bars may be substituted 
for iron ones and made fast with wooden wedges. 

PLASKB MADE OF WOOD. 

Where wooden flasks can be profitably used, good whitfi- 
pine should be chosen to make them of, as it outlasts any 
other kind and keeps its shape best. Ordinarily they may 
be made up to 3 feet square out of 3-inch lumber; beyond 
thatsLzoandnptoGfeet it is best to use 3-inch. Many firms 
go to great expense in dovetailing the joints, — a very bad 
method too, aa the vent blaaes out at the joints of the 
dovetail, and the flask is rendered uselesiB in a very short 
time. A much better plan is to let the ends into the sides 
about ^ inch and nail them firmly together, after which a J- 
inoh bolt can be pissed tlirougli each end in the inside. If 
the flasks be long, additional bolts may be passed through 
in the middle. Greater dependfnco can be placed on the 
bolts than on any system of dovetail or spikes. 

I have seen many plans for preserving the joiuts of 
wooden flasks (which, if unprotected, soon bum away), and 
in moat cases the supposed cure has proved worse than the^^ 
disease; but should it be considered wortli while to pro- 
tect the edge (and I am satisfied that it is, whore than 
flasks are in constant uso), have strips of cast- 
i inch thick and the width of the himber, with pins cast oi 
Have tlioye strips drillud with countersunk holes for screi 
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homiii, dod set them hard down on a coat of thiL'k metallii 
pttint, This makes the joint lietwccu the iron and wood 
[lerfeotlyuir-tight, preventing the gas from uscaping, anil 
consequently the flask is saved from burning. I have 
rigged flasks this way which have been in use every day 
tor months witboat taking any iiarm from the blaze at tl 
joint. 

Another thing I would Buggest, where woodi 
>re in constant use: havo a boy, or two, if need be, to 
tliroff water around the flasks as tbey are poured; it pays 
in the end to do this. Sometimes, in shops where Iiolp is 
Boarce and the cnino untrustworthy, it is out of the ques- 
tion to make large iron flasks. lu such cases let cast-iron 
snjg be made with good bolting surface for tbo wood to 
bind against; liave also here and there a cast bur to which 
tlie aide must bo firmly bolted. Those precautious add 
rery little to the weight, but serve to increase the strength 
snd usefulness of the flask. Swivels or handles cast on 
plates can be bolted on the sides or ends, making them in 
«ery respect almost equal to the best iron flask. 



1 
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'though to show the substitution of hinges for pins in 
moulding-bo 2es is the primary object of tliia article, I was 
Decessarily led into other important subjects in connection 
with their use. My experience has tiiught mo, that in the 
majority of foundries all the ingenuity of the moulder is 
expended in devising methods that will enable him to 
mould nearly every hirge green-sand casting in the floor. 
This is genemlly done with the view of saving cost of 
flasks, and when only one or two such castings are needed, 
I believe it is the correct thing to do. But other reasons 
are advanced for this almost universal bedding-in system, 
the foremost of which is, that it is the safest plan to adopt 
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when tho job to be miide ie onu of gieat mognitade; anl, 

while I piirtly admit tbe force of such h reason, yet I a 

fully persuaded thiit much belter resnlts are iissured bj 

adopting a ayatem which can be made equally safe, and ^ 

b the Bame time enable the moulder to examine and finiah 

I. all the parts of his mould with equal facility. It is well 

[ known that very many large joha having critical parts an 

I made in dry aaud or loam for no other reason thaji to 

|.ieoure a well-flnished casting, which could not reault if it 

nade in green sand by the ordinary methods, on ac- 

»unt of the Uiilicuky of reaching its remote parts. If 

mch extra exponae in the production of thexe castings a 

' be saved, it must snrely be folly to persist in such a ooui^se. 

Enter almost any foundry aud examine such caatings a 

we are speaking of, and the ugly fact of emootli npper snt^ 

faces, and equally rough and unsightly lower bui-faces pre- 

aente itaelf. To particularize, let it be an architectural 

works or a foundry making casting for tool and engine 

work : what do we find ? As before stated, all the io- 

, gcnuity possible has been expended to have castings made 

I in the floor, without separation of parts. BracketB ore 

f siado iu cores and rammed against the pattern, leaving ia 

i every case an unsightly mark, if not eomethinv 

Bvorse; chipping faces and mouldings are pinned on looait^ 

■to be withdrawn after tho pattern has left the sand, and |i 

I natural consequence portions of the face of the monlj 

e disturbed and fall into the bottom, or, worse etill, am 

[orced away when the iron enters the mould and rise to (li^ 

surface. And yet, inconsistent aa it may Eeem, the gren^ 

est care is taken with the very small surface which can (^ 

reached by the moulder to make that as emooth as toidt' 

and hands can make it; which, by the way, only shows tl 

t^ the more by comparison the deficiencies of those \ 

t the mould which cannot be reached. This is seen moA' 

y on square and rectatgular columns, having 
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or more face sides, with panels and otlicc ornameiita- 
tion; lathe beds, foundations for engines, etc. 

SomeftrmB desiring qualitj' rather than quantity partially 
overcome this difficulty by lifting out tlie Bides of the 
mould, when pvacti cable, on drawbacks, which are plates 
I bedded alongside the pattern, uud partings made where 







i^qnisite. After the mould is mmmed and the pattern 
taken out, then such portions of tho mould as rest on the 
plates can be lifted away; hut this method nocessltates still 
Hiore digging and ramming, and of course adds to the cost 
fhilst it is oftentimes but a sorry makt'shift. 

It is to facilitate the making of snch castings that 
prompts me to suggest the use o£ hingea. Y\%. 4&\ft ». 
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{terapective view of the mould of an ordinary square od- 
ttmn, the dimeusioDS of which are 18 inches x 18 inches X 
12 feet, with piuiuls on three eides. I have ahown tha 
mould as cut ticross ul the first liiuge, so that the working 
parte can bo Been. The checks are tlirowu hack on the 
MngoB A, the top Sango restiug ou lugs B, uxpoBing the 
core C its full length, aa well as the bottom of the moald 
D. It will be pluiii to any one having a knowledge of such 
matters th:it all the pnrts of such a mouhl can be treated 
with the same care, the result being a casting equally peN 
feet all over. 

At Fig. 47 I have ehown the necessary appliances for 
making ciistings by thia method, and as this view is drawn 
iBonietrically, the whole details ciin be seen at a glance 
much more readily than would bo posnible by the ordinary 
plan and elevation. Only a section of the aides is ahoTD, 
but this is all that is needed for a clear understandiug of 
the whole. I have selected a squure column of the dimen- 
sions specified, because it is a class of work which is going 
on all the time, and serves well to illustrate tbo method 



As I do not in this article propose to explain the details 
of moulding such a casting, I Bhiill confine myself to th« 

, subject of hinges and the securing of the tlask. The bo^ 
torn fiask A is shown longer than the cheeks, a? it is pnp- 
posed to be a fixture in a foundry exclusively engaged in 
this work. It is best to have such a bottom flask miide 
with deep aides well down in the floor, and good etiS 

I cross-bars bolted across; such a bottom flask servea to 
make ordinary columns or beams and girders in, the oopii 
of course being made to correspond with flange at B, fea 
which it can be bolted or clamped, thus saving both tjmf 
and expense of weighing down. It is on just such a BaA, 
that these sides rest. The lower half of hinge C\ into which 
the upper half works, serves the siimo purpose for th4 



POVNhET FLASKS OR SOSES. 

i>( I of the cheeks to suit the kind of work they may be navA 
for. For geiieml jobbing purpoaes this motbod of makjug 




8&skB is good, for, though ti little expensive iit first, they 
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secured to the cheeks. These phites aeire the doable dn^ 
of stiffening the cheek as well as carrying the mnd, am) 
may, of coui'sc!, bo faiken into coneiOeratioii when the moHid 
is being bound together. Bj referring to O, it will be Mcai 
how the check is turned on its liingee, and without gmog 
dimensions it will suffice to say that one or more of then 
Ings may be used, according to t)ie length of the cheek, 
and also that they must be made with leverage safficieut 




Fig. 48. 



to turn backward and forward easily. The Ing shown at 
// is for binding purposiis. Let aa many uf those be cast 
on the bottom flange, to correspond with similar o>ics on 
the cope, OB may be considered necessary for cffectoally 
securing the mould when closed. Holes must be cast in 
these lugs Itii-go enough to admit a strong bar loaching 
fi'om one to the other — ob shown ut Fig. 48 — and wedged 
firmly between the bar and cheek. Sometimes it may net 
be required to use any ends to the job in hand ; if so, Ixdt 
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iiolescastin the sidee at each enil can be utilized when the I 
way w clear, for the bolt or provision can be made for bolt- J 
ingon loose ends as seen at /, Fig. 47. 





Fig. SI. Fig. 51. 

Should it be required to lift awny the end aa well as 
sides of the mould, this maj readily be done by continuiiig 
One cheek rouBd the ends to meet the other, or carry one 
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half on cnch; but if tlie job in hand be too unwieldy ta 
Buch a mctliod, as fur instance tanks, hot-wells, cistero^ 
etc, of largo dimensions, then, of roiiree, aeparato cheeks 

' oan be made and turned back on their own hinges. 

' bind such ends provision can be made to bolt them to the 
cheeks when tliey are turned into place, or they can be 
treated the same as directed for the clieiikB. 

At Figs. 49, 50, 51, and 52, I have shown front and 
elevations of both linlvea of a hinge suitable for the job 
described, with figured dimensions. This hinge is certainly 
the best aa well us the ch(.'apest that can be mude, reqnir- 
ing no machinist work on it whatever; it is ready for 
as soon as it le-uves the sand. It is an absolute fit, cannot 
get out of order, and must therefore commend itself 
especially to foundries having no machine-ehop. In con- 
cluBinn, a hinge like this can bo alniost universally applied 
on ordinary work where the lifts are not too deep, or the 
parts of tlic mould too high to clear as it closes on the 
circle. It will save considerable to a firm using large 
numbers of top and bottom flasks. 



FOUNDRY OVENS. 

To property locate a foundry oven is a very important 
item in foundry construction, for many reasons. 

Too frequently we find that no attention bjis been giran 
thia subject until the foundry has been built, and then A' 
is placed in one corner of the shop, thereby linJting l3h«> 
floor-space considerably, as well as making that particnl 
, spot very undesirable to work near during the 
I months. 

When it can be doue, which is nearly always, it is best' 
have Ihe oven outside, so that the doors will come eri 
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]i the inside of the wall, and in each a position as will 
traight track to be laid directly under one or 
Jnore of the cranes. 

Anotlier important consideration ia what kind of an 
oyen to build, I must eaj it would seem that very little 
attention is paid to this part of the subject, for, go where 
Jou will, yon find that the universal idea is to have a hole 
of some kind, with a very indifferent carriage, requiring 
ten times the help to move in and out that it ought to, ou 
account of the disgraceful roadway provided for it to travel 
on. 

The same may be said in regar(J to tlie methods of firing 
Bnch ovens, "any way" being considered "good enough," 
providing the cores or moulds are dry "some time." 

The thought that, by a judicious arrangement of these 
things, both time and money, as well as considerable annoy- 
ance, might be saved to all concerned, does not enter the 
miud of the originator; and so he pursues his way blindly, 
supposing that he is saving money for the firm by with- 
holding the cost necessary for alteration. 

"When an oven is to bo built, care should be taken that 
't ■will meet all the requirements of the shop, both as to 
size and equipment. 

Should an oven be required for a very small foundry, it 
18 just probable that one or more of the very escellent 
K»tary ovens now on the market will suffice, and be as 
''heap as anything which could be erected by tho owner; 
^nt should it be that the amount of cores required are but 
low and small, a very cheap and handy device is to make 
Cast or wrought iron sides and bock the required width 
*nd height, the sides to bo provided with slides at suitable 
intervals on which to rest the shelves. The top must be 
Provided with a hole having a raised edge, on which a 
piece of stove-pipe may be fitted; the front must be hinged 
On full eizc, so as to expose all parts of the oven at once. 
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An ordinnry fire-pot, with provision for dranglit nndeiv 
I neath, can be aet down in tlie floor and the oven set oyer, 
I or the whole mu; be bnilt within the pktee, as shown at 
I Kg. 57. 

ExtemporizGd ovens of this chisa are very useful, even in 
I large foundiies, ^ometimeB, eapociallj when small cores are 
I needed through the day. They save tlie annoyance and 
' loss caused by opening the large ovens, thereby allowing 
I heat to escape, mikterially retarding the drying of the 
\ moulds. 

For large foundries something more elaborate is neces- 
sary. If the business of the firm is a special one, with the 
same routine of work every day, it is well worth the time 
to consider wliat ia needed to facilitate the rapid handling 
and drying of the cores and moulds. 

The kind of furnace and its position, the place for the- 
damper, and how to use it to get full duty from the fnel, 
are snbJectB worthy of conaideration; also, how to regulate 
the damper in order to allow of the free exit of the vapor 
made during the process of drying, without interfering 
with the legitimate draught required to bring out the best 
results from the fuel nsed. These and kiudred snbjecta 
Bhould interest the moulder whose aim ia to excel in these 
things. 

If the oven is intended for jobs that will require more 
than one night to dry them, it will be proper to set the 
furnace or furnaces so as to allow of easy access without 
disturbing the doors and allowing the heat to escape. To 
meet tliis requirement, pits must be made, at the most con?> 
' venient places outside the oven, to communicate with t^e 
inside by a flre-place, which can he built of fire-brick, either 
level with the floor or as much above as will allow of fSvsj 
access from inside as well as outside. The regulation 'betW' 
srs and grate-bars can be used in the construction, and ti' 
L firont erected on the outside with doors after the mai 
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of an ordinary boiler-fumace. The pit in this case Hiiould 
it be leas than 18 iuchea beiow the grate-liarSj with ample 
n ou all gide» fnr firing and cleiiiiing. 




For an oven 13 feet by Ifl feet, and 10 feot hi^li. ono 
Buch riirnace will snffice if its dimensions are 4 feet by 3 
feet, and 1 foot 8 inches deep. For rapid drying in larger 
orens another fnrnnce will invarifihly be refinired. 

One great objection to this method of firing is that the 
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r.beat is not evenly distributed, Gonie of the moulds or corea 
tT>eing in a semi-green state, whilst others are bni'ut so 
J.Jnnch aa to he almost useless. To overcome thia, recourse 
B been had to several ingenious methods to secure a more 
iVen distribution of the heat. One is to build flues which 
I under the floor only in some instances, and others 
3 continued the system along the walls and roof. 
I remember when we thought all trouble of the kind 
Kl^boTe mentioned would cease after we had laid down a 
>erf orated floor; but, as in the former case, it was a com- 
^wrative failure, inasmuch as we did not obtain the maxi- 
"mtim amount of heat, nor was it evenly distributed; the 
extra heat at the end nearest the fire burnt out, and de- 
stroyed the castings so much as to make the arrangement 



For all ovens where one night's firing is all that can be 
allowed, the method shown in the accompanying figures is 
the most effective as well as the cheapest, because, whether 
one or mofe furnaces are needed, they can be so placed as to 
be equidistant from the walls all round, thereby giving an 
almost uniform heat all tlirongh, at least as near as is prac- 
ticable with open fires. I shall not dwell liere on the pos- 
sibilities for heating where there are good supplies of iiatti- 
ral gaa at a cheap rate; but it will be clear to all that the 
advantages which such offers ought to be made the best of. 

Neither is it required at this writing that I should enter 
into a description of (til the elaborate systems of drying by 
the use of hot air and superheated steam : these methods 
are only to be thought of where there is not only the de- 
mand for such immense outlay, but likewise the necesaary 
genius to adopt them. I have no doubt whatever that if 
our foremen founders were better posted in such matters 
and able to make themselves understood, employers would 
be led to make vast improvements in their working plant, 
as well to their credit as to tlieir profit. 
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In laying down an oven track be snro and hnvo it as 
wide as the oveu will allow; this gives stability, and allows 
for a good-sized carriage, wliich Ib a desideratum. But a 
good carriage is terribly marred by haviug an iiiaafficicnt 
roadbed. 

The beat roatlbed for an oven is made by good longi- 
tudinal timbers crossud by 13-iuch by 4-iiich I-boams — 
wrought-iron — on whicli tiie ordinary eteol rails can be 
bolted. Ovens should not be made any higher than is nb- 
so lute ly necessary ; the fuel needed to heat this estra apaoe 
being so much wasted. 

Where there ia to be continuous firing, either hard or 
Eiof t coal, of a medium size and good quality, may be used ; 
but if all the coal needed is to be put ou at ouce, then it is 
preferable that hard coal only should be naud. 

I would here say that it pays to have a man of more than 
the common ran of intelligence to look after the firing of 
foundi-y ovens; mnch may be saved by such a man. He 
will acquaint himself with all their pecnliaritiea, especially 
■how to meet the various changes of the wind, etc., which 
of conrse afEecta the draught very materially, a full knowl- 
edge of which will enable him to guard against a very com- 
mon occnrrence,— either that the cores or moulds are not 
dried sufficiently, or that they are burnt so as to be use- 
less. 

By a careful observation as to the condition of the cores 
every morniug, he will be ublc to modify Lis fire to suit the 
amount of drying to be done. If he finds that the walls 
and upper surfaces of the cores are covered with moisture, 
he will at once know that there has not been a sufficient 
allowance of draught made for the escape of the vapor ; but 
he knows also that if he should open his damper too ranch 
to meet this evil, he enconnlers one equally as damaging, 
which is, that too free an egress for the vapor will carry 
along with it the heat also; the fires will burn too rapidly, 
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and the result will be even worso tJian bofoie. He i 
take a middle conrso as nonr as posaiblu. 




"heae are only some of the things which will come undw ■ 
BobaerTation of .1 good man in such a position; Lis u 
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hllness will mamfest itself in couDtluss other wajB, always 
moving the advisability of prefurriiig auch ii man, oven at 
B advanced rate of wages, to men of only ordinary calibre. 
The oven and carriage sliown in the accompanying fig- 





I maiT 



Fg S5 

bnilt for the production ci column cores, roilri! 
and square. I deaired tliiit none of the principles herein 
Bet forth should be violated; it wris my aim to occupy aa 
much of the space as was practicable without in any sense 
marring the uaefulnessa of the oven for any other purpose 
for which I might require it in the future. 
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The dimensiona are 16 feet wide, 25 feet long, and 12 
feet high; tlie walla are If! inches thiclc, with roof com- 
poaod of arches springing from seven 13-inch I-beams. 

Figs. 53 and 54 are end and side sectional elevations of 
oven and carriage racks, etc.; Figs. 55 and 56 are views of 
details. 

Tliis oven ia heated hy two furnaces, AA, Figs. 53 and 54, 
which are 4 feet long, 3 feet wide, and 16 inches deep, re- 
spectively. 

A continuous flue B B, Figs. 53 and 54, commencing 6 feet 




m door at C, Fig. 54, the same width as the . 
i 3 feet deep, runuing the whole length of the oven and 
feat at the other end, supplieg the draught, the damper 
wing in the chimney at B. 

The damper shown reguhites combustion admirably, and 
kIIows for the minimum amount of coul to thoroughly dry 
1 the cores up to 12 inches thick, without in any senae 
^juriug such as are emallor. 



Tho oarrJi^e, as will be seen, is a plain one, put together 
in Bections, and travels ou a track 7 feet 10 inches wide ; 
its length is 20 feet, and it stands 2 feet 3 inches from the 
ftoor; the side supports and npper frame, made in sections 
also, raises the platform, or table, FF, Figa. 53 and 54, 6 
feet Irom the floor; this platform is 33 feet long and 9 feet 




(Eches wide, made in ecctfoua, with edges and one aid? 

i true, and bolted firmly oti the iipper frame so as to 

a jl perfectly eTon and smooth surface, on which almost 

fr'kind of I'ectangular core may bo made by the use of a 

f sides and ends only. 

i nprights which support tho table may bo utilized 

Vcarrying cores by casting holes in them, through which 

'a may be secured. In these eyes racks may be 

e to tnrn either to the inside, as shown at G, Figs. 53 
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Hpd 51; or they may reoiaiii parallel with the c 
Hsenat^, Fig. 54; orhrought outwards, as necessity occurs. 
B An isometric view of the rack ia shown at Fig. 5fi. 
H ^ot desiring to limit the width of the oven by building 
^P the walla etiitioiiary r.iek iisturos, — which are never the 
^^ht distance between, — I succeeded in contriving a rack 
Jlfhich answers admirably. As will be seen, the whole con- 
nist'B of nine dxings on each side of the oven, built firmly 
nn the wall, parallel and straight with each other; in the 
Iprojecting ends of the bottom fixings a cop is cast, in 
■jirhich rest the 9 bars 3 inches in diameter and 9 feet long, 
Dield in position above by other fi-vings, built in the wall, 
■with the projecting ends open, provided with a key-way 
KVith which to secure the shaft after all the arms have been 
pipped on. 

B The whole arrangement will be seen at a glance by care- 
fcfoUy examining Figs. 53 and 54, and still more plainly by 
feeferring to Pig. 55, A being the bottom and B the top 
Nzings spoken of. 

ft C, Fig. 55, shows the arm, and iJ is a bush used to raise 
Bhe arms to allow of a larger core being inserted between 
BtJiem, as shown at 1, Figs. 53 and 54. 
W It must be understood that the bar is stationary, so that 
KBiy of the arms can be turned out of the way at any time 
Krithout disturbing anything which may be above or below. 
l3t will be readily seen that when all the arms, botli on walls 
HUid carriage, as well as the u'pper and lower levels of the 
carriage, are in use there is certitinly not much room lost; 
nnd when it is remembered that all that is needed to make 
B clear oven for other classes of work is to lay all the arms 
Hgainst the wall, as seen at J, Fig. 54, and strip the carriage 
He its upper rigging, one feels recompensed for the extra 
^Bpense incurred in fitting up an oven after this manner. 
^V And really I do not consider there is anything extraor- 
dinary in the expense of such an oven, for there need be 
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no machiniEt'a help iti the whole job ; for allowing that 
proper clearance is given in all thu purtw described, every- 
thing am be lifted out uf tiic sand and B<'t into pliice n' 
out furtlier preparation. 



CUYSTALLIZATION AND SnUINKAGE OF CJ 
IRON. 

Before entering on the subject proper of this article, it 
is important that we consider for a while the nature and 
properties of cast-iron. Such a course will, I think, help 
to ulear away mnch of the apparent mystery which seems 
to cling to the subjects of crystallization, contraction, 
elirinkage, and warping of castings. 

There is no valid reason for supposing that much if not 
ill the trouble and anxiety which the founder experiences 
on account of warped and broken castings cannot be ob- 
Tiated, and the whole matter brought under absolute con- 
trol. But the moulder will never control this very important 
Waoch of his business until he stops out of the beaten 
tncks made for him by his predecessoi-s in the trade, and 
determines to acquire the knowledge that will enable hirn 
not only to mould from the pattern given him, but also to 
Jetect the faults in its design, and take such precautions 
RB will insure success iu the end. 

Again, no one believes that the moulder who is ignorant 
of the natnre and properties of cast-iron can be thorough 
it his business, nor need ever such a one aspire to anything 
BOW than being a mere machine at his tntdc. Hundreds 
of moulders are absolutely ignorant of the modes of pro- 
daoing cast or pig iron, and therefore it cannot be expected 
that snch will be able to meet the numerous emergencies 
Thich from time to time beset them. It is for their 
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r benefit, principiilly, that we tiiko a brief suryoj of its 
[. manufuctcro. 

The ores from which iron is smelted are found all over 
M&iB globe, tho chief kinds being: 1. Carbonate of iron, in- 
rSluding spathic ore, which is fonud iu thin plates or scales; 
^ay ironstone, and blackband ironstone, 3. Magnetic iron 
3. Eed hematite, specular or red iron ore. 4. Brown 
matite, or brown iron ore. Tho magnetic ore gives the 
RiSchest yield of metal — abont 73 per cent when pure. It is 
[ound all over Europe, in Canada, and in the States of New 
Jersey, Pennsylvimia, Virginia, etc. This ore is usually 





Fig. 58. 



melted with wood charcoal, this being the cause of its 
Mnperiority, there being no sulphur in the fuel. Red 
llhenaatite ore is also very rich in iron, giving about 70 per 
"sent by weight. This ore is found in the Isle of Elba and 
rther parts of Europe, especially Whitehaven and Ulver- 
!, England. Brown iron ore is a very important ore in 
Jlngland, and ie much sought after by Germany and France, 
ijJarbonate of iron is known as spathic when it is found 
iomparatively pure and crystalline, and as clay ii-onstons 
imd blackband when earthy and impure. Tlie spathic ora 
S found in great quantities in Prussia and Austria, and is 
!l great demand to yield the spiegeJeiaen required in tha 
jemer process of making steel. To give some idea of 
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the large perceiituge of impitritit.« oontiiineil in some ot tl 
ores, I append an analysia of the claj ironstone, lilookbi 
mine, Yorkehire, England : 

Protoxide of iron 36.14 

LPeroxide of iron 0.61 

/Frotoside of manganese 1.38 

Utimina 0.52 

I Lime 3.70 

IHagnesia 2.05 

'Carbonic acid 26.57 

phoric acid 0. 34 

Sulphuric acid trace. 

Bisnlphide of iron 0. 10 

I Water, hygroscopic 0.61 

combined 1.16 

iOrganie matter 3.40 

(Insoluble residue, chiefly silica and alumina. .25.37 

9D.85 

Metallic iron, per cent 2!). 13 

This extraordinary amount of impurities in the ores tie- 
Bessitatee considerable prcpanttion prior to smelting in the 
blagt-fumace. One method is to break tlie ore into small 
pieoes, and mix along with it BmiiU coiil. The pile, which 
may contain a thousand tons or more, is lighted at the 
end and allowed to slowly burn or roast (aa it is usual to 
term it) for about a month, or until the whole haa under- 
gone calcination. Special kilns or calcining furnaces are 
also used for this purpose, the waste gasea of the blast-fur- 
Eacea being utilized as fuel. The process of calcination 
separates from 30 to 50 per cent of these impurities from 
the ironstone, besidea effecting certain changes in the 
chemical constituents of the ore, which greatly facilitates 



B procesB of amoltiug. Rich and comparatively pure oreo 

t Bubjectod to calcination. 
The proportions of materials necessary to smelt a ton of 
f pig-iron will natarally vary accordiug to the nature of the 

■ fuel and ore, but the figures given below are sufficiently 
I near for illustration : 3 tons of calcined ironstone, 2^ tons 
lot coal (about 800 lbs. of which is required for the hot-air 

■ ■pipes and blowing engine), and from 1200 to 1600 lbs. of 
I limestone. 

Blaet-furnaeeB for the production of pig-iron are necea- 




Fig. eO. 



BiBarily of large diameter, and arc built from 4n to 100 feet 
win height ; the charges are fed at the top, consisting of alter- 
I Hate layers of the materials mentioned in such order as will 
I best secure perfect combustion of the fuel and steady melt- 
Where hot air is used for blast, it is lieated to from 
° to 1000° F., and enters the furnace through tuyeres 
iffranged somewhat after the plan of a foundry cupola. 
a the furnace is successfully working, the clay of the 
r ironstone unites freely with the limestone, and forms a 
I Blag or cinder, which is allowed to run off at suitable inter- 
I Talsj the oxide of iron at the same time glyes up its oxygen 
I to the fuel, and the metal falls to the bottom of the fur- 
fjiace. When sufficient metal has accumulated, it is tapped 



and run into moulds formed to receivp, it, eiich moBlda 
being the form of the pigs as we see tliom in our foundries. 
! The metal produced contains from three to five per cent 
of carbon, which it absorbs froai the foe!, and it ie this per- 
centage of carbon which givea it the quality of cast or pig 
iron, as distinguished from wrought-iron and steel. Owing 
to the great heat required to reduce the ores in the blast- 
fnruace, the iron is never obtained free from the elements 
remaining in the ores after calcination, such as silicon, 
sulphur, phosphorus, manganese, and in some cases arsenic, 
titanium, copper, chromium, etc., according to tho ore used. 
These impurities insinuate themselves into the cast-iron 
produced, in a greater or lesser proportion, according to 
the way the furnace ia working; and a perusal of tho analy- 
sis of Lake Superior pig-iron (charcoal), given below, will 
show to what extent tliis occurs: 

I Iron 93.34 

^^^^ Combined carbon ( 0.38 

^^H Graphite 13.39 

^^y Silicon 2.28 

^^^ Sulphur 0.03 

Phosphorus 0.10 

I Manganese 0.17 

^^^Bte carbon in pig-iron is always found in the two fortn^ 
^^Mtined and grapliitic, but varies in its proportions ac-"^ 
cording to the variety of tJie iron ; the grayest iron having 
almost all of its carbon in the uneonibiiied or graphitic 
form, whilst the hard, white irons have it almost wholly 
combined ; but the amount never exceeds from 3 to 5 per 
cent in whichever form it may exist. 

The diSereuce in color, strength, hardness, fusibility, 
etc., of cast-iron depends upon the relative proportions of 
_thBse two forms of carbon, varied by the influence of the 



I.above-mentioned elements, wliich are always preBent in 

, some degree or other. AVe thus kive gray, mottled, and 

white iron, or, as they are commercially eliifisified. No. 1, 

No. 2, No. 3, and forge iron. The No. 1 is the darkest 

gray, and containa the most graphitic carbon, aa seen by 

the fracture, which is largely granular, and presents 

nnmeroua graphitic planes or scales. When these abonnd, 

the iron wiH bo found weak, with very little tenacity, and 

Lonly suitable for light ornamental work, stove-plate, and 

Kail thin castings requiring little or no finishing. This 

I iron, when melted and in the ladle, lacks the brightness 

I exhibited by some of the higher numbers, however high its 

1 temperature may be; and, should it be allowed to cool, it 

tTvill be observed that a, scum or kish rises to the surface, 

[composed of graphitic carbon, evidencing the inability of 

■ the metal to hold as much carbon in solution whilst at a 

I low temperature as it does at a greater heat. TVhen kish 

I appears on the surface of the metal it is rendered nnfit for 

T Ose, as castings run with such iron present an unsightly 

[ appearance, being covered with a thick coat of plumbago. 

No. 3 presents a more regular appearance in the fracture, 

[ the crystals are smaller, the color is a lighter gray; it is 

L also harder and stronger than No. 1, and when in a molten 

k state it does not exhibit the same tendency to kish as it 

f cools. This iron is esteemed the moat useful for general 

Ipurposes. 

No. 3 contains less graphite than No. 1 or No. 2, is less 

Iflnid when melted, but is much stronger, n.s it is more 

Koompact and dense; the crystals are still smaller and the 

[eolor lighter than No. 2. This iron is suitable for heavy 

■trtictaral work. 

The higher numbers np to white iron are designated 

forge irons, and are serviceable for puddling, Sometimea 

the pig will solidify partly aa gray and partly aa white, the 

rstallizationhaviugcommenccdinpatches,butnotsprea^-| 
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»-feg through the mass before it eolidified. Such iron is 
called mottled pig, und it may be used in conjunction with 
other irons in heavy castings which call for great streugtb 
And closuness of grain. 

Certain kinds of gray iron, rapidly chilled after fuBion, 
become white or mottled; the amount of combined carbon 
increasing, whilat a corresponding decrease of graphite 
takes plitce. On the other hand, some kinds of white 
iron, slowly cooled after fusion, show a separation of 
graphite and a corresponding diminution of the quantity 
of combined carbon; and according to Ackerman (a great 
■ntbority on these subjects), " long-continued maintenance 
k yellow heat ia sufficient to change white iron into gray." 




Fig. 62. 



Fig. 63. 



fig. 84. 



As cast-ij-on changes from the molten to the solid state 
it crystallizes, the form of the crystals being either octahe- 
dral, as seen in Fig. 58, or rhomboiditl, as in Fig. 5!). 
Those crystals always arrange themselves in the casting 
with their principal axes perpendicular to the surface 
through which the heat has passed during the process of 
Bolidificatiou. 

It is a noticeable ftict that slow cooling produces the 
largest crystals: this should suggest to the founder the 
propriety of Jiouririg large ciistings with metal at lis low a 
temperature as will ullow of a correct impression of the 
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I mould being taken. By following this rule the crystals 
l.viil be Bmaller, on account of the more rapid aolidifica- 
I tion of the mags, and conEcqueutl; additional strength will 
f be imparted to the casting, by virtue of the greater com- 
I pactness of the iron. 

I The appearance of the fractured surface of broken pig- 
I iron is not always to be taken as a sure indication of its 
I quality. It ia pretty certain, however, that when the frac- 
I tnro shows a uniform dark gray, with strong metallic lustre, 
I it indicates toughness; wiiilst, aguin, diti-k, leaden -colored 
I irons, lacking lustre, with spots of mottle running throngh, 
I will be weak and unserviceable. A light gray with strong 
I luster indicittes strength and tenacity, hut a light gray 
I without lustre will invariably be found hard and brittle, 
I, and still more brittle as it approaches a grayish white. 
I The founder, most assuredly, has many kinds of iron to 
I choose from, the strength and fluidity of which will be 
[' according to their composition and mode of production. 
I Cold-blast iron from the same ores ia stronger than if 
I produced by hot-blast. Iron which contains sulphur in 
I small quantities is strengthened, whilst phosphorus has an 
L opposite infiueuce, decidedly weakening the iron, although 
I it gives great fluidity when melted. Silicon, if present in 
E iron above a certain quantity, weakens it; and if the pro- 
[ portion be largo, makes it liard and brittle. Manganese, 
I almost always present in pig-iron, tends to produce white- 
I nesH, as well as to make it more brittle. The strength of 
f cast-iron is diminished by anneiding. 
L When we consider the great change brought about in 
I the nature of iron by the introduction of these elements, 
I we discover the difficulties winch beset the founder in 
f meeting euccessfnlly all the demands made upon hira for 
I, just the correct mixture for every eiisting he makes. When 
I selecting iron for castings which have to resist impact, suoh [ 
fc as hammers for forges, etc., it is best to select from among r 
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tLe Ko. 3 irons such as show a close, toiigli tctxtai-e; thia n 
conjunction with good scrap which showa a small cryst 
in the heavier fragments will answer the purpose well, 
especially if the pig is chosen from differiint brands; for it 
must be remembered thai; better results accrue from s 
mixing of brtends than when one brand alone is used, thcd 
mised brands being stronger than tlie average of brantT 
taken separately. 

Steam-cylinders and all castings demanding a clean, hard 
face when finished must be made from very compact brands 
Of gray iron, hardened by a plentiful admixture of acrap, 
such as mentioned above. For such castings always avoid 
nang iron which shows a large percentage of graphitic 
carbon in the fracture with large crystals, as it is sure to 
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give trouble on account of the heavy scum arising from it 
in the mould. When practicable it is best for this class of 
vork to rnn tlie mixed iron into pigs, and remelt for the 
oasting; tliia improves the tensile strength of the iron, and 
gives it greater density. 

Althongh much depends upon the experience and judg- 
ment of the founder to obtain the required degree of 
fineness and strength, yet it must be conceded that the 
strength of a casting may suffer deterioration from faulty 
liesigning with respect to the arrangement of its seveml 
parte, considered with regard to the influence its shape will 
have on t)ie metal when it passes from the liquid to the 
solid state. 

Aa before stated, cast-iron assumes the crystalline form 
when solid, and it is an established fact that tlie crystals 
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range thomselvGa in a cci'tain poaition in all castiiigB, the 
bondency being with their principal axia perpendicular to 
' the flidea of the casting, or, in other words, tliey lay length- 
wise and perpendicnlur to that part of tlie mould through 
which the lieat paeBes; they are not always as regular and 
KVell deSned as shown at Figs. 58 and 59, but they inoline to 
lat form, nevertholess. 

By referring to Fig, 60, it will be seen how the crystals 

Irrange themselves in solids of that class; the rays indicate 

tkeir poaition in all solids of equal dimensions. The heat 

issing out at a uniform rate on every side gives four 

iatinct systems of crystals, as it were, forming a junction 

I lines across the comers. This point of junction must 

Bsity be more or less imperfect; in fact, experience 

proves such to be the case; consequently the part where 

jhese several systems of CT'ystals meet will be weak always. 

Tie weakest parts in this case are indicated by the diagonals; 

•crystallization commencing first at the outside, and the 

process of solidification being uniform in every direction, 

must result in just such an arrangement of the cryataia aa 

is indicated by the figure. 

K What has been said with regard to crystals arranging 

■Jiemselves with their principal axia perpendiculur to the 

Ktdes, is verified by the solid shown at Fig. 61, a round shaft, 

Bthe rays of which are seen to radiate from tlio centre; nor 

r^oea the insertion of a core, as in ordnance, in any sense 

fenterfere with their position. (See Fig. 63.) 

■ It will be remembered it was said that rapid cooling 

Riroduced the smallest erystals. Figs. 61 and 62 will serve to 

^Hlustrate this part of the anhject. All solids have their 

Bfti^eet crystals in the centre, gradually diminishing in size 

Kowarda the circumference, caused by the almost immediate 

Hblidification of the outer parts; the inner mass taking 

Bonger to dissipate its heat through the gradually con- 

Bfeaaling metal. 
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It is thia which cauaes cannoii caBt in the ordinary 
to be spongy or porous in the bore, tlie only remedy 
ffliich is to hriiig about equal rates of cooling, by 
ducing a current of either cold air or water into the arbor 
or barrel upon which the core is made; by bo doing unequal 
cryatallization is obviated, and tlie metal made uniformly 
dense all through, 

CylinderK for hydraulic purposes are made as ehowii at 
Fig. 03 in preference to Fig. 64, for the simple reason that 
the flat Biirfiice on the bottom of the core, with a oorre- 
aponding flat surface on the bottom of the cylinder, aa 
Been at Fig. 64, causes an arrangement of the crystals which 
prodaces lines of weakness from the outer edge of ayUndra 
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to the angle of core. This evil is prevented by adhering to 
tbe cui'ved outline, as seen at Fig. 63. 

Fig. 65 will serve to eipkin the evil etfecta of abrupt 
changes in tbe outlines of castings. The thinnest part A 
cools first, followed by the part i, the crystallization of 
which taking place after A is comparatively solid, forms a 
weak spot at C; beeanao, as before stilted, the crystals 
pack themselves in the same direction as that which the 
heat takes in passing from the molten iron to the outer 
surface. 

Obeying thia law, they must detach themselves more or 
less at these points of junction. Of course the same result 
occurs at D ; in fact, all castings whoso outlines present 
these sudden changes of conformation must deteriorate in 
strength; for, whether we see the checks oc not, it is cer- 
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tain they exist in a greater or lesser degree. The simple 
remedy in this case is ehown at Fig. 66, which represente a 
BoUd of the same built, bo changed in its outline that the 
planes of weakneas are reduced to a minimum. 

Figs. 67 and 68 will aid in arriving at a true estimate of 
the superiority of curved lines, to give the maximum amount 
of strength for a given area of section. They may be taken 
for sections of wheel-arms with mid-feather, or as columns. 
At Fig. 67 the crystals are seen to aiTango themBolves per- 
pendicularly to the sides and ends of the wehs, giving weak 
lines at each of the inner angles. 

How changed the scene when we look at Fig, 68; by 
simply rounding off the outer angles, and substituting a 
curve for the sharp angle at tlie junction of the wehs, we 
obtain a continuous figure, presenting an unbroken outline, 
perpendicular to which the crystals arrange themselTes with 
comparatively no interruption whatever. 

In order to a clear elucidation of the laws of crystalliza- 
tion, and the consequent lines of weakness resulting 
therefrom, it will be necessary to examine into forms 
other than round and square. Fig. 69 is a rectangular 
solid, and shows an additional line of weakness, running 
parallel to the upper and lower surfaces, and connecting 
with the diagonals. 

It would appear tliat this casting is veritably split in 
halves along this plane of weakness, and such is really the 
case in a partial sense. Examine the broken castings on 
the scrap pile, and innumerable examples will be found to 
prove this assertion; for in some pieces cavities are formed 
in exactly Buch places as are indicated by these lines of 
weakness, revealing the last stage of crystallization in all 
parts of the fracture; and where this phenomenon does 
not occur, a careful examination of the top surface of the 
casting will show that the upper section has fallen down 
during the process of solid ificiit ion, and left a correspond- 
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rity there. It ie here seen why we attach the 
r feoditig hraid on all Buch caHtiiigs; the idea bciog 
to maiutain a comnionication-with these central planes of 
weakness, and by a conetatit feeding of hot iron to this 
particalar place, connteract, in some measure at least, the 
tendency to hollownesa caused by the shrinkage of the 
mass during the process of solidification. 

As previously stated, this tendency to fracture in irregu- 
larly shaped castings can be considerably modified by a 
judicious selection of brands of iron having the least 
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shi-iutage. Broadly stated, gray iron shrinks the least; a 
perceptible increase of this quality manifesting itself all 
through the respective grades up to white iron, which is 
supposed to shrink the most. But it must ho borue in 
mind that accepting the numbers of iron as graded at the 
difierent blast-furnaces, and basing our estimate of shrink- 
age on such grading, will oftener than not be found to be 
delusive, it being no uncommon thing to find No. 2 of one 
brand to shrink less than No. 1 of another. It would seem 
best, under such oonflictiug circumatancos, to cast test bars 
of the several brands, and carefully note the shrinkage in 
each; such bars can also bo tested for any other particular 
quality needed to bring the casting up to the required 
degree of perfection. This method enables the founder to 
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combine the several qualitiL's rer|iuroil witli almost a 
certainty. 

Contraction ia a subject whlcih causes no small i 
of anxiety to the founder, owing largely to the fact that 
little importa.noe ia attached to it by tho designer or pattern- 
maker, who often insist upon having work made true to 
pattern, regardlosa of tlie obstacles they may have placed in 
the way of its accomplishment. Admitting the fact that 




Fig. 70. 

aotne attention should be paid to symmetry of design, yet 
we insist that this reason should never be allowed to usurp 
the place of strength and safety, as is too often the case. 
Many instances might be quoted where gross violations of 
the laws governing contraction are insisted upon, giving 
rise to all manner of contrivances to counteract the evil, 
much of which which might be saved by a slight increase 
or decrease in the thickness of some particular part of the 
casting, to insure uniform cooling of all its parts. 
It has often been said that if all the parts of a casting 
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were made equal in thickness tliere would ba no trouble; 
but this assertion can be succesBtulIy combated by most 
founders of ordinary experience. Take the case of a floor- 
ing-plate. Bay i inch thick and 4 feet gquare, carefully 
moulded, and cast so that no part of the casting shall 
deviate from the thickness specified Does such a costing, 
if left to taJte its own course, always come out true? 
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Hardly over This is only ono of many instances which 
might be quoted to disprove such an assertion 

Jjet ns t.ike into cousiileiation what occurs immediately 
after such j, plate is cast First, the surface under and 
over, as wtlt as along the edges, almost instantly chills, 
from contact with the cold, Uamp sand, (specially is this 
til© case at the outer edges, which rapidly cool and contract, 
and, owing to the lact that the contraction must cease as 
the parts become cold, the outer portions cooling first, as 
Just explained, are subjected to a continuous strain until 
the whole becomes cold and contraction ce 
Now, if this strain wore equal on both eid 



over. 
plate J 
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' Tould remain straight; but such is not the cose; the top 
I cools first, on account of the lieat passing more rapidly 
■.Uirougli the cope than it does into the floor, leiiving the 
Older anrface to contract last, which It of course does by 
I drawing the corners down, or, as ie frequently the case, 
breukiDg the plate. 

The lines of weakness shown in the solids are also lines 
of weakness in the plate, hecause, being the last to cool, 
the crystals assuine larger dimensions, with a corresponding 
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iliminution in density, which means a loss of strength. 
Wo counteract this tendency to warping in plates, i 
jre hare under consideration, cooling mnst be urged at snch 
rparts as would be last to set, so that equal rates of con- 
traction may ensue. The parts which cool last in this cnso 
are indicated by the diagouala iu the end section of Fig. 60; 
and should the plate be oblong, tiiey will bo aa ebown at 
end Boction of Fig. 69. By uncovering the sand from these 
parts immediately after pouring, taking care to keep the 
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outer edge well protected from the cold air, we may espect 

a true casting in most cases. 

We will LOW look fcr & remedy in this case, thnt will not 
only save all the annoyance and trouble of cooling after the 
plate is cast, but will give ua a casting comparatively free 
from internal strains. 

We say the outer ed^e cools too quick: then increase the 
body of metal at that part. We Bay likewise that the 
diagonals cool too slow: then reduce the body of metal at 
that part BuflBcient to counteract the evil. 

By adding i of an inch to the thickness at the edges 
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inches wide, chamfered so as to lose itself gradually iu the 
surface, as shown in section at Fig. 70, and reducing the 
ihickness at the diagonals -f^ of an inch, working this out 
in every direction evenly and without abruptness, as shown 
by the rays iu plan Fig. 70, the difficulty is surmounted. 

Round disks or plates may be treated similarly. Should 
the plate be required 4 feet in diameter and i inch thick, 
let the edge bo | inch thick, 3 inches wide all round, 
gradually reducing to ^ inch in the centre, 

The proportions given will answer in the majority of 
cases for all such eiistings as we have been describing. 

To insure good work of this kind, hot iron and rapid 
filling of the mould is indispensable. An arrangement of 
the gates for pouring large platra is shown at Fig. 71, which, 
when practicable, it is always best to adopt; for, by the 



fime the metal, entering each gate, lias reached the oppoBite 
[ Bide, much of iU heat has been absorbed by the cold mould, 
but it here receives an impetus from the hot iron which is 
just entering the mould at that spot. The metal, by this 
method of pouring, is given a rapid circular motion, which 
insures the correct filling of the mould with well-mixed 
iron at a umfonn temperature, — a degideratum in this 
instance; for, as before stated, difference in temperature 
causes variations in shrinkage. 

When ribs the same thickness as the plate are cast on, as 

I shown at Fig. 72, the casting will bo hollow on the plain 
ride; the resison for which is, tliat the edges of tlie ribs set 

and contract, whilst the metal, at their junction with the 
body of the plate, is in a plastic condition. These edges 
then act as a pi'op or stay, to prevent the plain side from 
shrinking in a straight line; it must consequently either 
■ break, the latter thing occurring very frequently. 
If the outer edge be increased in thickness, as before 
I direeted, and the ribs made one fourth thicker than the 
Mody of the plate, this difficulty will be obviated. 

Long plates, as shown in section at Fig. 7S, always give 

rouble if ribs and plate are e<]nal in thickness; by increas- 

l the thickness of the ribs one fourth, straight castings 

will result. Suppose the plate at Fig, 73 be J inch, then 

the ribs would require to be ^^j- inch. 





'.ATlOKANDSmUNKAOS OF CABT-mOlf. 

Beams Bimilar to Bectioa Fig. ?4 are always hollow 
the plate side if the web is made the same thickness :is the 
plate; the remedy suggested above nill insure euccoSB in 
this case, 

Pig. 75 ehowa a casting haying one rib on each face at 
opposite edges; when such castiuga are made equal in 
thickness all over, the plate will be dniwu convex along 
one edge and concave at the other. To put it another way, 
both ribs will he down at the ends. The remedy in this 
case is to increase the quantity of metal in the ribs 25 per 
cent, aa before. 

Fig. 7(i is the aectioual elevation of a existing, large 
numbers of which are made of various lengths in the 
several tirclntect'iral works, for building purposes. The 
tendency in such eaatings is to warp hollow along the angle 
A. This is caused by unequal cooling; B and C cool first, 
and act as sfeiye to prevent the part A, wliieh is \ust to cool, 
from shriiikiug in a straight line. The edges B and Cure 
consequently drawn round. It is customary to bare these 
castings along the angle A as soon as cast, with the view o! 
preventing this; bnt this method rarely meets the case. A 
slight change in the form is all that is needed to obviate 
this trouble. Suppose the casting to be 1 inch all through 
in the original, as at Fig. 7G : the altcrnUon suggested is 
shown at Fig. 77 (when the casting must be moulded in 
tho position as seen). The horizontal woh ifl 1^ Inches at 
C, and I inch at A, the vertical web being 1 inch all through 
is the pattern; this web will increaae some in thickness at 
£, being the point of greatest pressure when ciist. Conse- 
quently we have a gradual increase of thickness extending 
outwards, with a corresponding decreaae at the Junction of 
the webs at A. 

When such castings can be moulded in the position seen 
at Fig. 7S, the dimensions mustbe as figured, }f inch at A, 
and Ij'f inches at 5 and C, respectively. Square columns. 



>W OD I 




'TSTALLTZATIOHr AND SHRUfKAQE OF CAST.IBOlf.X 

titli openings along one side, shown at Fig. 79, if caat aay 
t inch thick all over, will in all cases be drawn hollow on 
9)fl side which ia opposite to the; holes, if left to take their 



own coTirBe ,ifter heing cast. The best method of bringing 
these colnmns out straight ia to so proportion the thickness 
on all the sides as to produce ec^nat rates of cooling. Fig, 
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80 is a section of IS-inch column, witli fignree allowing the 
requisite proportions when the averugo thickness is to fa 
inch. Sides, at AB, 1 inch; top C, J inch; bottom D, IJ 
inch. 





Long beams of the class shown at Fig. SI will inrariablj 
rwarp hollow along the deep side A, with more 
dencj to hollownesB at plate B. The view ia that of a lin- 
tel 12 inches wide at B, with webs A, C, 12 and 6 inches 
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deep respectively, and 1 inch thick all through. To 
secure a straight caafcing, comparatively free from internal 
strains, the proportions marked at sectional eluvation. Fig, 
83, must be adhered to: plate £ J inch, web A 1 inch, 
and web C 1^ inches. Should the wehs be equal in depth, 
as aeea at section Fig. 83, then the webs A, C must be 1-^ 
inches, and the plate B J inch. 

All castings of the kind shown in perspective, at Pig. 8i, 
warp round on the top edges if equal thickness is insisted 
upon, from causes already explained. 

The remedy is to follovr the proportions as given at Fig. 
85, I inch at the edges A, B, with a grailnal reduction 
towards the crown at C, which must be f inch. These 
dimensions are given on the supposition that the casting is 
to average i inch thick, and the proportions will be safe 
to follow in all such castings, irrespective of size. 

Round columns come crooked, more or less, if the heat 
escapes quicker on one side than it does on the other; as 
for instance, when the cope contains a very limited thick- 
ness of sand, or from exposure of one aide before contrac- 
tion has ceased. li these causes do not exist, and the core 
la set central, as at Fig. 87, these castings will come 
straight. 

Sometimes cores are purposely set in the mould as shown 
at Fig. 86, the idea being to give a greater body of metal 
at the point of 'least pressure; this practice is to be con- 
demned, inasmuch as it weakens the casting as well as 
causes it to become crooked. 

There are some practices common to moat foundries 
which cannot be too severely criticised. Columns arc often 
made with heavy mouldings, and bases cast on them, to 
save trouble and time. This should not be done, as it 
endangers the safety of the casting; for not unfrequently 
castings thus made are found to have separated at places 
where abrupt changes have occurred in the outline. That 
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' portion of Fig. 88 mni-ked A, whi(!h repreaenta a sectioQ of 
i& having this fault, will give some idea of what ia 







Fig. 88. 

meant; the angles indicated by the arrows cannot he other 
than fractured, from tho fact that crystallization of the _ 
ti 
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heavy portions takes place bo long a time after the thinner 
parts are set. The correct method is to have the body of 
the column run even all through, with loose mouldingB 
and base; but when, as is often the cose, the builder or 

I architect mnst be accommodated at short notice, a compara- 
(JTely safe column may be produced by reducing the core 

opposite the angles {taking care to round oft the latter ub 
EGeo), allowing it to gradually lose itself some distance 
away, as shown at base B and at moulding C. This allows 
the crystals to arrange themselves more uniformly in the 
mass, on account of the almost imperceptible change from 
a heavy to a lighter section of thickness. 

Fig. S9 is an example of the folly of designing window- 
eashes, etc., with all or perhaps only two of the sides of 
greater sectional area than the inner ribs; the latter set 
and contract almost instantly, pulling at the outer frame 
whilst in a semi-molten condition, resulting in castings 
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Bimilar to the somewhat exaggerated Tiew given. The 
only remedy for this is to reduce the area of the heavy 
parte, distributing such reduction amongst the lighter 
oiieE, until a balance is obtained and equal rates of cooling 
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Oast-iron in a liquid or molten state has the power to 
transmit pressure to every part of the mould into which it 
is poured; and each part of the mould — when it is full — 
sustains a preastire equal to the weight of a column of cast 
iron, reaching from such part to the upper surface of the 
running basin. 

Let a mould be prepared similar to the one shown at 
Fig. 90, page 8!), which represents a plain bar 1 inch Bqiiare 
and 12 inches long, with graduation-marts at each inch of 
its length. Now suppose iron ia poured into this mould 
to the depth of one inch : it is plain that the weight of 
1 cubic inch of iron ia the pressure which the bottom 
surface of the mould must resist; and it is equally plain 
that the pressure on the bottom surface wi!l be twelve 
times that amount when the mould is full. And hecanae, 
as above stated, of the power of liquid iron to " transmit 
pressure in every direction," each of the four aides of the 
bottom inch must hear tbe whole pressure, as long as the 
iron is in a. liquid state. 

The pressure at each graduation ascending decreases by 
exactly the weight of 1 cubic inch of cast-iron; thus, the 
pressure at each mark equals the weight of a column of 
cast-iron 1 inch square reaching to the surface. Lot it be 
required to find the pressure at aix inches deep. 
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Weight of I cubic inch, poniul 36 

Depth, in inches 6 

PreBBarCj in ponnda 1,56 

TliJB shows that the pressure at i its depth equals a little 
over 1^ pounds. It must not be thought that because we 
have chosen a, cohimn hiiving one squiire inch for its base, 
that the reasoning applies only in this case : the same ^J 
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reasoning applies to every form or magnitutio of base. 
Suppose the column to bo 13 inches instead of 1, and 12 
inches deep: the bottom aurfiice of such a mould would 
hare to resist a pressure equal to the weight of molten iron 
resting upon it, or 450 pounds; and the pressure against 
each square inch of the sides would be equal to the weight 
of a column of iron whose base is a square inch, and whose 
height is equal to the depth from the upper surface to that 
^part of the side surface it m;ty be desired to adculato for. 
it»t it be required to find the pressure at G indies ( 
"12 inches square. 
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It ba§ been bIiowh that the pressure at 6 iuchcs deep for 
1 Bqnaro inch is 1.56 pounds. Therefore, 

FreBBtire for 1 square inch, 6 inches deup 1,50 

Multiplied by widtli of side 12 

Total pressure in pounds 18.72 

This gives the pressure at 6 inelies deep as nearly 19 
lonnds, or equal to the weight of 12 colnmns wbose bases 
} each 1 inch square, and whose height is 6 inches, as 
jen at Fig. 91. 

It must be understood that not only the surface of the 
mould, but sTcry portion of the molten iron, sustains a 
feresBure from the weight above it, and that this pressure 
A governed by the same law; in other words, every square 
Inch of the surface of this cube is pressed by the suiTOund- 
icg metal whilst in a fluid state, and the amount of press- 
Sire which every square inch sustains is exactly the weight 
t the column of metal which stands above it. 
The fact of tiie liquid iron coming to a stiite of rest after 
)uld is full, proves that these forces must be equal in. 
my direction, and that, whatever be the pressure outwards 
Eton the side of the mould, the same force is being exerted 
i opposite direction; so that every one of the 144 
Hluare inches contained in the square foot stamds as it 
jtrere on its own basis, exerting an equal pressure in every 
jflireotion and on every side. 

From the foregoing the following general law is deduced: 

■The pressure exerted at any depth below the surface is 

^ filways equal to the weight of a column of cast-iron whose 

height is equal to the depth, and whose base is equal to the 

surface over which the pressure is extended," 

It has been clearly demonstrated that every part of a 

■ Jiorizoutal surface, at the same depth, sustains the Eame 

I will now endeavor to show how the jiresBure ig 



terted on the perpeudicular sides of the inouM in qnes- 
tion. At Fig. 92 the aide ia dividud into inolies. Annexed 
to the several divisioua on one of the sides is the amount 
of pressure in ponnds exertotl laterally at that particular 
depth from the surface when the mould is full. It ia Ity 
the aid of this figure that I propose to show the method of 
finding the'whole amount of pressure exerted on each side 
of the mould nudcr consideration. This, clearly under- 




(d, will furnish a sufBcient rule hy which to obtain the 
t sum of the pressure on the sides of any other 
, of whatever dimensions. (This figure also gives 
a amount of vertical pressure in pounds on the whole 
irfoce at the several depths indicated.) 

t lateral pressures the amount for one inch in depth ia 
lis pounds (this means, of course, across the whole side), 
tereasing by just the weight of an additional inch down 
^jIS inches, where it is seen to he 37.44, 

, as this increase is seen to he uniform, one half of 
) depth must he the average pressure of the whole aur- 
L and will he found at G inches. 
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To proTfl this, at 6 inclies deep the pressure is 18.72 
pounds^exactlj one half of 37.44 pounds— wliich repre- 
sents the extreme pressure at 13 inches deep. Now, take 
the pressure sustained at 7 inclies, one below, and at 5 
inches, one above, and we have 31,84 pounds and 15.6, 
respectively; add these together and we get 37.44 ponnds, 
of which sum 18.72 pounds is one half. Or tate the press- 
iire at 8 inches deep, whioh is 24.96 pounds, and at 4 
inches — the prossuro at which point is 12.48 pounds — and 
we obtaiu the same result. If each of these points sus- 
tained a pressnre of 18.73 ponnds, which is the average 
pressure, we should havo the same total. 

The same reasoning will apply to all the points equally 
above and below the middle point, 6 inches; the pressure 
on each point below it exceeds the pressure at 6 inches by 
exactly as much as the pressure on a point equally distant 
above it falls short of the pressure at 6 inches, and there- 
fore, on account of this mutual compensation, a general 
average is obtained. 

It is clear that the total pressure on each side must be 
the whole 13 divisions multiplied by the amount of the 
average pressure, which is always found at half the depth 
of the liquid iron, and in this case is found at point 
6 inches, at which point the pressure ia 18.73 pounds- 
According to the above reasoning, the total pressure ia the 
same as if this average pressure was uniformly diffused 
over the entire surface of the sides in contact with the 
liquid iron. Therefore : 

Wumber of divisions 12 

Multiplied by average pressure 18.73 

Total pressure on side 224,64 

[ Again, it appears that the total preaaure exerted on the 
rpendicnlar side— when the mould is full — is just the 
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same &3 if the side was taken for a horizontal bottom, Hud 
half the depth of the tiqaid irou rt-sted thereon. Thus : 



8ide converted into a horizont:iI bottom. . 

Mnltiplied by half the depth 

Total cubic iiichea 

Weight of 1 cubic inch 



144 iachiJS. 
6 iiiuh^B. 



5184 

i7as 



B Total weight in pounds '^■,'1.04 

Giving exactly the same results aa previously shown. {I 
would e;i; just here that thiB rule is absolute, and applies 
in all caBUB, whether the mould be solid, like the one wo 
are diacusaiug, or ouly i inch tbick; as long as the iron is 
ill a fluid state the conditions aru the same.) 

From these examples the following rule is deduced for 
calculating lateral pressure, where the mould has a flat 
bottom and perpendicular sides, and is simply filled open, 
as at Fig, 93, Find the number of square inehes in one side 
helow the upper surface of the iron in tbe mould, multiply 
this sum by tho number of inches in half the depth of the 
liquid iron ; the product will be the number of cubic 
inches contained in half tho deptli, the weight of which is 
equal to the lator^il prestiure on that side. 

It matters not what form of bottom the mould may 
have. If it be horizontal and flat, and the sides periwn- 
dicular, the lateral pressure may bo found by this rule, 
Lecaitsu the point of average pressure is always found at 
half the depth helow the Burfaee of the liquid iron. 

Suppose the mould to be cylindrical (as seen at Fig. 93), 
12 inches diameter and 12 inches deep. The point of 
average pressui'e is at A, which is one half its depth. To 
find the pressure on the whole side of such a mouli, we 
proceed as per rule. Thus : 



^ 
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OiTcmnfeTence 37. 69 incbes. 

Multiplied by the dcptli 13 incheH, 

Total surface la sq. in 452. Si8 ■ 

Half depth in incliea 6 

2713.C8 
Weight of a cnbic inch ,. .26 

1628208 
542736 

Weight in pounds. 705. 5568 

It ia BMn that, according to the rule quoted, we have a 

Bsure equal to 705^ pounds on the whole side of a cylin- 

lical mould, 13 iuchea diameter and 13 inehcB doep, 

a. such a mould ia filled with molten iron. 

To prove the accuracy of this rule, we will multiply the 

fcrerage preasure of one aquai'S inch down the perpendicu- 

r side into the total surface previously found. Thus : 

Total surface in sq. in 453.28 

Average pressure of 1 iu. 13 in. deep 1,66 

271368 
226140 



Total pressure in pounds. , 



453S 



705.55C8 



This proves the lateral pressure to be the same as would 
be produced upon the bottom of a mould 453J inches in 
magnitude, with perpendicular sides, and holding liquid 
iron to the depth of 6 inches. 

A thorough knowledge of the increase of pressure in 
proportion to the depth will suggest the expediency of a 
corresponding increase of strength in the material used for 
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mstrnctiTig very lieep moulds. The prcesure at the top 
ring iuconsiderable, very little strength is needed to 
resist it; but as the ratio of pressure increases with the 
depth, a'good margin of strength is indispeneahle at tho 
bottom. This will admit of a gradual decrease as the 
upper surface is ueared. It is entirely owing to ignorance 
upon this subject that so many failares aro made through 
lack of strength in the arrangementa for securing moulds 
of considerable magnitude, or else, as is too frequently the 
csise, the opposite extreme occurs, and time and material 




I lavished upon an undertaking siifBcient for a piece fl 
tork of ten times the bulk. 
wThe illnatrations, so far, have been confined to moulds 
Sth horizontal bases and perpend icuUir sides, but in order 
(.explain other phases of tJie subject of pressures it will 
jmecessary to change the form of the moulds, pouring 
n (as in the former cases) level with the upper surface, 
Iwhat is usually termed cast open. 

Fig. 94 is the elevation of a mould whose sides are seen 
) dope outward. Its base is 12 inches square, and its 
perpendicular height is 12 inches. Fig. 95 abowa another 
form of mould with the same dimensions for base and per- 
pendicular height as Fig. 94. The angle of slope is also the 
eamo, but in this figure the inclination is inward. The 
lateral pressure on Fig, 94 must be tne weight of liquid iron 
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Bting upon it, and each point sustains a pressure eqaal 
B the weight of a column of iron immediately above it. 
■ Now the lateral pressure on Fig. 95 must be just the same 
t Fig. 94, because, as already demoustrftted, liquid iron 
i with equal force in every direction, and conse- 
quently each point of the lateral surface of Fig. 05 is being 
pressed upward with a force equal to the weight of a col- 
umn of iron perpendicularly over it; therefore the rule 
given for ascertaining lateral pressures will apply in thia 
case. 

It must be well understood that the pressure on the 
bottom of all those moulds shown at Figs. 94, 95, and 96 is 
the same, because they are all of equal area and depth. 
The shape of the sides, or the quantity of iron which the 
mould contains, does not alter the conditions, namely, 
" that the pressure on the bottom is eqnal to the weight 
of a column of iron the depth of the metal contained in a 
mould, the sides of which are perpendicular from the 
base." Consequently the pressure on the bottom at Fig. 
96 ia exactly the weight of molten iron in the mould, be- 
cause the sides are perpendicular to the base. But in the 
mould shown at Fig. 94 the pressure is less than the whole 
weight of liquid iron in the mould, while again at Fig, 9.') 
it is greater. 

Enough has been said to prove that cast-iron, when in a 
liquid state, transmits pressure equally in every direction, 
And ft'so tliat the pressure produced by the weight of liquid 
iron is proportionate to its depth. If the explanations 
already given are thoroughly understood it will not be 
difficult to understand why molten iron (albeit so heavy) 
flhould have the property, in common with all other liquids, 
of finding its level. The diBcuseion of this property in 
molten iron will enable us to more clearly elucidate the 
principle, or law, which governs upward pressure or " lift " 
in ivivered moulds. 
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For tlie purpose of illuatniting tbis principle, we 
Buppoee a mould like the one sliown ut Fig. OG, such mould 
to be filled by pouring tlie iron down the running gate A, 
which communicateB with the mould at B. Ciisting 
moulds in this manner is tlie everyday experieuce of most 
foundries; it is therefore a well-eebiblished fact that the 
mould can be filled by this method. Now if the pressure 
nt B (which is equal to the weight of a column of iron the 
depth and magnitadc of the running gate .1) was not 
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mitted to every square inch of molten iron in the bot- 
tom of the mould, it would be impoBsible to fill it by this 
meanB. But such being the ease, tlie mould gradually fills 
until the level of the runner is reached at A. This con- 
clnai 1 p e tl at the whole of the liquid iron in tho 
monll IS bala d by tiio one square inub contained in 
the runn ga tl e pressure of which is tmnsniittod to 
everj squ 1 o the bottom of the mould, and, press- 

ing upwa 1 as II as downward, sustains the whole mass 
at a levd common with itsdf. 

In proving the existence of this force in an upward {as 
well as downward and lateral) direction, we shall undoubt- 
edly solve the problem of how much weight is required to 
veaist it. In other words, we shall discover how to secure 
the mould safely after it has been made and put together. 






THE IRON-FOUNDER. 

Fig. 97 represeiits the same mould as shown at Fig. ! 
^In this case it ia covered with a cope or flask A. The 
ranniag gate B is continned through the flask, and con- 
nects with the pouring basin C, into which the molten 
iron is poured, to find its way through gate B iato the 
mould D. Now suppose the mould to he a cube of 13 
inches dimensions, as at Fig. 96, and the flask combined 
with the runner box to be Vi inches deep, and remember- 




ing that the pressure arising from the weight of liquid iron 
is proportional to its depth, and that the pressure is trans- 
mitted ill every possible direction, it follows that, because 
the increaBO of depth in the running gate is exactly double, 
tho pressore inside the mould will be in the same ratio 
when tho runner is full to the top of the basin. From 
what has been already demonstrated, it will bo readily per- 
ceived that as soon as the liquid iron has filled the mould 
i at once begins to exert a pressure upward, iigainat the 
le. A, ever increasing until the running basin ia full. 




PBB88USE8 IN MOULDS. 

The amount of pressure or lift against the cope will be 
exactly the weight of a colnmii of liquid iron whose mag- 
nitude IB equal to the mould, and whose depth equals the 
depth of the running gate from the upper surface of the 
mould at E to the top of basin C, as shown by the broken 
iinee. To prove this, let us again look at Fig. 9G, where it 
has been clearly shown that the running gate has the power 
of sostaiuing all the iron contained in the mould at its own 
level, the reasons for which have been given. Now, apply- 
ing the same reasoning to the question before ua, we may 
rest assured that when the basin is full it will require as 
much weight to hold it there aa it is capable of lifting up to 
its own level. This will be the case irrespective of the size 
of the runner or magnitude of the mould. To determine 
the amount of pressure arithmetically, "multiply the 
number of inches in depth below the top of running basin 
to the point at which the lilt or pressure begins, by the 
number of square inches contained in the surface on which 
the pressure is exerted; the product of these numbers will 
be the number of solid inches of iron whose weight is equal 
to the pressure." Thus: 

Depth from top of basin Cto joint at E..... 12 

Total square inches of surface at £^ 144 

Total cubic inches. 1728 

,^eight of a cubic inch of cast-iron .26 

Weight needed to balance pressure 449.38 

or nearly 450 pounds. 

Should the surface against which the upward pressure 
IB exerted be increased to 13 instead of 1 square foot. 




the depth of runner remaining at 13 ineliea, the preaBure 
TTonltl, of course, bo increased 13 times, and a correspond- 
ing increase of weight would be ruquired to balance it. 
The depth of mould below the lifting snrfaee does not in 
any way affect the pressure against tlie cope; tlie preasnre 
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iB jnst the same, whether the mould be one foot or one 
inch thick. 

Fig. B8 is the sectional elevation of another kind of mould, 
being simply a square box one inch thick, with one open 
aide. The inside forma a eubu of 12 inches, consequently 
the outside dimensions are 14 inches square and 13 inches 
deep. It will be seen that the bottom of this box forms 
the upper surface of the mould, on which account the m- 
strnotionB given for Fig, 97 will serve for this, if AB, Fig. 
98, equals in depth OF, Fig. 97. 

Fig. 99 illustrates the same casting moulded in the op- 
posite position (the bottom forming the lower surface), 
. and will aerre to explain some very interesting and inatrno- 




psmsusES nf uouldb. 



tive fiicta in relation to pressuree in monlds. The pressure 
laterally and on the bottom is not any different tlian would 
be the oaeu if tlie mould was a solid block (us in thu ex- 
amples already explained), but it is different with the 
cope, as the amount of pressure upwards is coiieidorably 
increased; liow much, I will proceed to show. I said that 
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me inside formed a cube of 13 iiiohea; now, allowing AB 
to he 12 inches deep, and BG to be 12 inches more, we 
find the full depth of pressure A C, Fig, flit, to be just 
twice as much as CE, Fig. 97 consequently the full presa- 
1 the bottom of the mould acts with equal force on 
the under side of tli<! core. In other words, the core has 



io the placi! of tlio molten iron wliich the ruiiner is able 
I to BUHtain, and, being so much lighter than the iron, will 
jorno upon its aurfiice, if there is not sufficient weight 
t ftdded to make up the diSercoce, and thus restore the bal- 
ance. 

As before stated, tho pressure under this core ie exactly 
the weight of a column of iron whose magnitude equals 
its bottom surface, and whose height equals the depth A C. 
The broken lines represent the weight needed to balance 
the upward pressure. An addition to the upward pressure 
commences at D, and the presstire from this point wiH 
1. equal the sum of one inch thick on all four sides of the core, 
I multiplied into the depth AB. Thus, Fig. 99 : 

[ Total sqnare inches of surface at G 141 

L Depth of -4 C in inches 24 

576 

288 

Total cubic inches 3456 

Add cubic inches from Z) to ^ 624 

Total cubic inches 4080 

Weight of a cubic inch of cwatiron 26 

24480 
8160 



Weight required to balance pressure. . 10G0.80 lbs. 

This shows that the weight need to balance the whole 
upward pressure exerted against the cope is about 1061 
pounds, minus the weight of core and cope. 

There are numerous contingencies in connection with 
this question, such as the methods of pouring, and flowing , 
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oSthe metal at reduced heights, etc.,todiininieb thepresa- 
uro; bnt of these 1 wJll apeak fnrther on, eoiifiuiiig myself 
at present to the absolute lawB which govern pressarea when 
the molten iron is at a state of rest. 

The mould shown at Fig. 100 is almost the same as Fig. 
99, the only difference being that the core (which ia aup- 
poaod to be one cnhic foot) ia surrounded by one inch 
thickuesB of iron. These altered conditions will bring out 
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new ideas, and will aid materially in exploding some of the 
false notions which cling to this subject. 

In the first place, it must be uuderstood that the press- 
ure nndcr the core at Chas reached its linnt, immediately 
the molten iron begins to coyer its upper surface at E, be- 
canse as the iron flows over the core it acts aa so much 
weight pressing downward, and by the time the runner is 
filled to the top of basin A the pressure downward ia equal 
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to the weight of a cohimn of iron 1:^ inches square, and a 

high as the runner hasin. A resting on it. Such c 

ally rest on studs FO, and are hdd in position by others 

i//; now, the actuiil pressure against the top stnds will 

in this case be t!ie weight of a cubic foot of iron, or 450 

ponnda, and the pressure agtiinst the cope will be equal to 

J the weight of a coUinm of iron 14 inches sqnare, the height 

».of AB, shown by broken hnes JKLM, It is evident 

(rom this example, that, to hold such cores in position, it 

S only necessary to provide for an upward pressnre eqnal 

Kto the weight of the amount of molten iron they displace; 

}so thiit the depth at which they may be placed from the 

hnrface of the running liasin is of no consequence, so far 

,8 the upward pressure is concerned ; but the general press- 

' nre will be proportionate to the depth, as has been already 

explained. 

Tbe class of moulds which next claim our attention are 
the spherical, including balls, shells, kettles, pans, etc., 
and the cylindrical, including cylinders, pipes, colnmns, 
shafts, etc, cast horizontally. To thoroughly understand 
the method of finding the amount of upward pressure on 
this range of work, it is important that the examples given 
on average pressure he clearly understood. 

What has been already stated with respect to average 
pressure is the principle, which, generalized, must lead to 
a rule that will answer for every variety and shape of 
mould. As before stated, the various parts of any surface, 
whatever be its form, will be Buhject to pressures, depending 
on their depths below the upper surface of tbe running 
basin; all points at the same depth suffering the same 
■.pressure. There is a certain pressure or mean of all the 
irfariona pressures to which the points of the surface are 
Hbject, and whatever this pressure be, it must be such 
that, if diffused over the whole surface, the total amount 
[ the pressure on tluit surfaeo will not be altered. If, 
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therefore, this medium pressure can ho found, and the 
maguitude of the surface in contact with tho liquid iron 
be kiiovru, the total pressure may imniediutely be obtained. 
To determine, therefore, the total preasuru of any surfuce, 
" let the position of the centre of gravity of that surface 
be determined by tho rulos established In mechanics, and 
let its depth below the liighest point of the liquid iron be 
ascertained, then multiply the number of inches in this 
depth by the number of square inches of surfiice against 
which thia pressure is exerted; the product will express 
the number of solid inches of iron whose weight is equal to 
the total pressure." 

I have shown at Fig. 101 the section of a mould for a 
cylinder 13 inches diameter and 1 inch thick, cast horizon- 
tally, A careful examination of this drawing will at once 
reveal the method of finding the amount of upward press- 
ure in all such moulds. The higliest point is the upper 
surface of the running basin A, and it ia from thia point 
that all the depths are measured. To find the pressure 
under the core, we must first ascertain the point of average 
pressure, which is thus found: Let the square CDEF be 
drawn around the core, and from CDEF draw lines to 
the centre; the point of intersection of these hues with 
the circle will be the point of average pressure. Lines 
drawn across the square at BB and B'B' give the rec- 
tangle OHIJ, whose weight equals the amount of preas- 
flire under the core. 

To find the cope pressure, draw KLMN; the intersec- 
of ^iVwith the outer diameter at giTea the point 
of average pressure for the cope. A lino drawn across 
00' the width of the outside of the cylinder at PQ, and 
then verticiilly to the height of running basin, gives the 
rectangle PQHS, whose weight equals tho amount of 
pressure under the cope. When these rectangles are oh- 
taiuud, they will in this case be found to measure 14 inches 
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■y 7 inches for the cope, ami 13 inches by ahoBt 8i inchea 
^r the core. Therefore the whole pressure per foQ^^^J 
feogth would be obtained, thus: ^^^H 

FOR ^^^1 

\ Width in inches 14 1 

I Depth " 7 

Area in square inches 98 

Length in inches 12 

' Total cubic inches 1176 

Weight of a cubic inch 26 

7056 
2352 

Total pounds pressure per foot 305,76 

POK CORE. 

Width in inches 13 

Depth " 8.5 

I Area in square inches 102 ' 

f Length in inches 12 

Total cnbic inchea 1224 

I Weight oi a cubic inch 26 

L 7344 

■ 2448 

rTotal pounds pressure per foot 318.24 

Add amount for cope 3U5.76 

I Total pressure cope and core per foot G34.00 

I The combined presaures per foot in length for a 13-inch 
minder, with the upper surface of the running basin 12 . 



inches above the centre of the tnoulil, ie thus found to be 
634 pounds, and, of course, that amouut of weight ia 
needed to balance the pressure on every foot. Ia other 
words, if the mould is 10 feet long, the whole pressure 
would be 624 ponnds multiplied by 10, equalliug C340 
pounds, 

An important feature of this question is that, should the 
depth from the centre to the upper surface of the pouring 
basin be iccrcased, the rectangle PQliS must bo brought 
op to its level by adding the increased depth to R'S', as 
shown by the broken lines. The increase of pressure un- 
der the cope caused by these altered conditions would be 
just three sevenths of the amount previously found, and a 
corresponding increase of weiglit would be needed to bal- 
ance it. But these altered conditions do not affect the 
core, only in the general pressure all around it; for 
whilst additional depth creates more pressure, it must be 
remembered that this iucrease of pressure is exerted on the 
whole surface of the core, downwards as well as upwards; 
it must therefore remain stationary. 

To put it otherwise, the amount of weiglit found to be 
necessary for holding down the core in this case is just 
what would be required if the mould was filled no higher 
than (fH, for immediately the molten iron passes this 
point it begins to receive, in a downward direction, the 
same pressure as is produced on the cope upwards, which 
acts as added weight for increased pressure. Consequently 
it will be seen that the conditions laid down for securing 
the core are not affected by any increase in the depth after 
the points ffff are passed. 

The points of average pressure in spherical moulds are 
found by the same methods as shown for cylindrical 
moulds, by reason of which we can use Pig. 101 to demon- 
1 the principles iuvolved; simply using the figures 
^an^ I'QRS as elevations of cylinders, instead ot 
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p roctangiea. Taking the figui-D as Tfipreaenting a sphere, 
' B oope pressm-e would be equal to theweight of acolumn 
I iroti 14 inches diameter, reiicliiug frompoiuta PQ to 
B I'umiiiig basiu A, as before esplainod. Now apply the 




same reasoning to the core (Buppoaiug the caflting to be a 
shell), and we have the lift or npward pressure represented 
hy the cylinder GHIJ, or ae equal to the weight of a col- 
nmn of iron 13 inches diameter and 8i inches deep. 
In the BCTeral figures used to illustrate this subject, it will 



be observed tliat the weight of cope or core has not been 
taken into consideration; but this may be done when it ia 
practicable to ascertain tlie exact weiglit, and allowitnco 
made accordingly. But whtin the weights can only bo 
approximated, good judgment will suggest a wide margin 
on the side of safety. 

Another item for consideration is the form of running 
basin used to pour the mould with. Pigs. 103, 103, 104 will 
hdp to explain this part of the subject. It is very evident 
that if we pour a casting down a runner similar to the one 
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Fig. lOI. 

"shown at Fig. 104, that the molten iron will enter tha 
mould with a greater impulse than would occur if the 
basin shown at Fig. 103 was used, because of the accelerated 
force of the fiiU being exerted immediately down the run- 
ner; whilst in the case of basin at Fig. 103 this force is 
spent at A, giving time for the molten iron to mass itself 
qiiif-Uy before entering the mould. IE runner 104 must he 
used (as in some instances it must) sufficient extra weight 
must be added to meet the necessity. Runner 103 meets 
this case half-way, being a medium betwixt the two. 

Being assured that pressure is pi-oportionate to the depth, 
and that the depth is the height of the top o£ the running 
ba«in above the surface against which the pressure is ex- 
erted, numerous ways of reducing this pressure (and there- 
by saving labor in weighting) will suggest themselves, and 
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may with eafetj be adopted. Kisers, or fiow-off gates, as 
large and as numerous as priicticable, may be placed at con- 
Tfcnient parts of the mould, and the iron allowed to flow off 
at a lower altitude than the running basin. Suppose the 
height of basin to be 34 inches from the surface of press- 
ure, and the risers flow off at 13 inches high, or one half; 
all else being favorable, it would be correct to baao the cal- 
culation on 18 inches instead of 24 inches deep {this being 
the average between the two), and by so doing save 25 per 
cent of weight. 

If the work in hand must have the whole pressure level 
I with the top of running basin, make "assurance donbly 
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sure" by adding some to the depth when making the cal- 
culation. Thus, if tho actual doi)th be 12 inches, call it 
13 inches deep. This will give one-twelfth more weight 
than is needed to balance the pressure, and will be found 
to be a sufficient proportion of allowance in all ordinary 
cases. 

The following table will be found useful to such as have 
not the time or inclination to study the subject of pressure. 
It is only necessary to find tho depth and area of lifting 
surface, and the weight required to balance the upward 
pressure wiil be found opposite those numbers. The ac- 
companying examples will explain the use of the table. 
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.ift or presBure « 



Example 1. 

required to find the amount of lift or presBure 

Btihiier a flask containing a pliite 6 feet long and 4 feet 

pwido. Depth from top surface of running basin to the 

surface against wliich tlie pi-egsure ia exerted, 12 inches, 

gates and ri.Ber8 adding 6 inches to the width of the plate. 



OPEHATION. 



Length of plate in inches 

Width of plate in inohes, inclnding gates. . 



Total sqaare inches of lifting surface 

Per table for 13 inches deep 1000 



Lbs. 
3120 



Per table for 13 inches deep. . 



3000 = 93 GO 

800 = 2496 

80 = 249.6 

S - 24.96 



13130.56 



Making 12,130t^ pounds, or a little over six tons, needed 
( balance the pressure. Suppose the cope to weigh 2000 

jounds: this wonld give a siiflScient overplus; and this 
roportion of overphis mast in all cases be allowed, eape- 

Wly in the event of having to ruu up to the full head 

^ pressure. 

Example 3, 

Bequired, the amount of weight to bahmce the pressure 
siiist a surface containiag 1651 square inches; depth 
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from the top of ruuninj 
inches. 



I to liXtiug Burfiice, 1 foot 9 



I 



, 1000 = 3120 
GOO = 1873 



1 = 3.12 
1051 = 5151.12 



r table for D inches deep. . 



Iiijt. 
1000 



^^HCotal weight needed to bulauce pt'essure. 
' or a little over ij tons. 



600 ^ 1404 
50 = 117 



1C51 



idd umt. for 13 inches deep. 



JVo^e, — If risers of at least five times the capacity of the 
rnnnera are set to flow off at four inches below the top of 
tlie running bneiii, the extra weight may be dispensed 
with, and the ,cope allowed as weight in the culcnktion. 

In most cases, however, close flguriiig niaj be dispensed 
with by substituting another area or depth for the oue in 
qneation. 

For instance: "Supppose the pressure to be required 
for 975 square inches area, 6 incliea deep," 1000 may be 
sabstituted for 975, and the answer obtained at once. 
The error, being on the side of safety, can be readily 
allowed. 

Or it might bo required to find the pressure at 9 inches 
deep for 1200 area. Then 600 gives 1404, or one half of 
the sum required, 
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CHILLED CASTINGS. 




Chilled caatinga ought to combine tie maximum of 
[• strength with a hard wearing face. To insure these oondi- 
f tions, especially in car-wheelB, the tread or outer surface of 
I the rim should be chilled to whiteness, passing into a mot- 
y tied iron, and from that to a soft gray in the interior of 
fcthe wheel. 

The irons used for these castings are certain brands of 

L'oold- blast charcoal, brown hematite, or specular iron ; few, 

if any of tho pure magnetites can bo used successfully for 

Klthe pm-pose. Especially is this the case with most of the 

iTo, 1 irons, which uaually contain an excess of carbon in 

(&e nncombined state. 

At the same time it is, we think, difficult to predeter- 
Knine, from the chemical analysis of any pig-iron, whether 
fit will produce good chilled castings or otherwise. 

It nmat be admitted that certain mixtures of pig-iron 
L'will answer better than others, but what these mixtures 
3 exactly, can only be ascertained by such founder as 
I jnal^e the manufacture of chilled castings a specialty. 

The succeeding article " Mixtures for Eolls," discusses the 
■Tarions difficulties which beset the founder when he essays 
I'to establish formulas, or mixtures which shall be coneidered 
! standard; and when, in addition to what is therein 
[stated, wo consider that a difference in the mode of work- 
ing in tho blast-furnace may change the nature of a metal 
which had previously given satisfaction, so as to render it 
absolutely worthless, we realize the imperative necessity of 
WDstant daily testa of the mixtures in use; such testa to 
I made at least one day prior to the cast. There is no 
doubt but that the mixing of the iron for chilled work is 
the most important as well as the most difficult part of tb? 
busine^,. 
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\ The most tliat can be done by the founder who is enter- 
K'liig upon this line of work is to select irons wh ch contain 
a considerable portion of their carbon in a combined state, 
and which yield a strong, tough, fine-grained, bright gray, 
also such ae exhibit a gray mottled fracture iu the pig. 

Spiegeleisen, in pi'oper quantities, Ciin be added to the 
mixture, if found too soft and too low in chill. 

Certain proportions of Bessemer-steel scrap will impart 
strength aa well as deepen the chill. Some say that by 
nsing Bessemer steel charcoal -iron may be dispensed with 
altogether; but I failed to elicit confirmation of this when 
the question was put to an eminent specialist, who said 
that, after repeated trials of mixtures composed of steel 
scrap in varying proportions with the best brands of an- 
thraeito pig, he was unable to produce a mixture which 
would meet every requirement, and consequently had con- 
tinued the nae of charcoal-pig exclusively. 

Old ear-wheels which have been made by a reliable firm 
may bo mixed in proportions varying according to the 
grade of metal they are composed of and the depth of 
chill; in fact, such wheels, when the fractui'e shows a low 
percentage of mottle, with but a very thin film of chilled 
surface are in some instances the best mixture that can 
be obtained. 

When iron of the exact grade and quality needed cannot 
be obtained, recourse must be had to a judicious mixing to- 
gether of white irons with some of the dark-gi'ay irons, the 
proportions of which can be ascertained only by practice 
and keen observation. 

There are many excellent brands of charcoal iron in use 
for the manufacture of chilled CMtings, but none of them 
exceed in quality or produce better results than the "Sal- 
isbury." This conclusion is arrived at after careful and 
BtudiouB experimenting on my part, backed by the opin- 
ions of some of the leading manufacturers in the States, 
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^H MIXTURE FOR ROLLS. ^^H 

^^^P Thb question is often asked by foiindrymen, " Whnt is 
^^B' the beat inixturo for rolls ?" and iigaiu, " Why cannot wb 
have a 'regular' set of mixtures, gotten np by some one 
wbo has had large experience in this class of work F" Go i 
where yon will, you are met by these inquiries, and I 
(strange as it may seem) no answer comcB- — at least, none , 
that is intelligible to the average moulder. Some have i 
tried to give what purported to be the right mixture, made i 
up of so much of "this," to so mueh of "that," snp- | 
plementing the formula by saying that good rolls were 
made at such a place by the mixtures given. Again, you 
go into Bhops where they make a specialty of rolls, and i 
ask for their mixtures, and naturally they shake their 
heads, and express by the look they give, as well as they 
could by a multitude of words, " Not much." Now this is 
very discouraging to the seeker for informationj aud yet it 
is not to be wondered at vrhen we take into consideration 
the amount of labor and study which has been devoted to 
the subiect by those engaged in the business; and it is not 
too much to say that even the best informed on the sub- 
ject are very far from perfection, inasmuch as tbej are 
constantly called upon to change their mixtures on account 
of the vai'iations in the different shipments of iron. To 
attempt to give a formula for nnivoi-sal adoption by say- 
ing, " So much of No. 2 to so much of No. 5, and so on," 
is sheer nonsense, for the simple reason that when you 
receive a consignment of iron from the furnace which waa 
ordered to be No. 4, yon will find that no less than three 
or four grades of iron have been shipped to yon, making 
it utterly impossible to follow any prescription based on 
the number of the iron alone. The trouble can he over- 
come after this manner : 
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After first settling Ju your own mind what particular 
grade shall lie called No. 1 and No, 6, with their inter- 
mediate numbers according to grade, yon may then make 
from your own experience mixtures that will be intelligible 
to yourself, but would be useless to any one unacquninted 
witli your methods of numbering. But this is not ail that 
enters into the successful making of rolls, or anything else 
that requires special mixtures. If it were at all times 
profitable and convenient to use new iron, the husinesa 
might soon be learned by adopting the method suggested 
above. 

AH foundrymon of experience are aware that large 
quantities of sci-aps (from broken rolls and other castinga 
made from charcoal iron) accumulate and nmat be worked 
up, and it is right here that the skill and judgment of the 
mixer is put to the test; and I know of nothing which 
demonstrates the impracticability of making a set of stand- 
ard mixtures more than the fact that whilst some of the 
scrap may be open-grained and very soft, other specimens 
will be perfectly white and brittle as glass; and yet some 
of our experts insist on their mixtures being correct, which 
tell you to put in a certain proportion of eorap. Again, 
it is common amongst mouldere to say when a roll turns 
out too soft, or the opposite, " Oh, there ought to have 
been a little more 'car- wheel' in that mixture," or a 
little less "car-wheel," as the case might be; as if car- 
wheels were a something on which the greatest reliance 
could be placed for being always one thing in point of den- 
sity or hardness. A little observation on these points will 
at once dispel this illusion, for whilst some wheels may 
be chilled almost 1 inch deep, others again will be found 
hardly touched with chill, and the iron all through as soft 
as lead almost. 

Again, I would call the attention to this fact, that full 
reliance cannot be placed on the productions of our best 
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firms in this line of bueiDesa. I have eeen fonr rolls, all of 
the same dimensions, which came from a leading firm, no 
two of which were alike in density. One was aloioBt 
condemned for being too hard, the softest being as much 
in fault the opposite way. I mention this to show that 
however much may have been aceompliBhed in the way 
of mixtureE, much still remains for the judgment of the 
mixer; for, as is well known, a judiciouB selection of scrap 
in largo quantities will always produce the finest casting, 
and, if poaaible, new iron should never be used exclusively. 
Many may think that it would be easy to mis sufficient 
very hard grade new iron to neutralize a very soft one. 
This plan will never succeed. The result of such a mix- 
ture is always a pronounced mottle, large and unsightly; 
the white and dark patches seem never to have united. 
Such roils last but a very short time, for as soon as they 
are put to use the soft parts crumble out, leaving the roll 
perfectly honeycombed. This proves the necessity of 
using iron in the mixture not too far apart in their nature 
and degree of density, and of choosing such grades as are 
the nearest to the mixture required. A good plan is to 
melt together your very hard and soft scrap, and run 
down into good-sized pigs, say 6 or 8 inches square. The 
reason for this is that where small pigs are made for char- 
coal scrap, the result is " white iron," which as a rule you 
do not want. All overflows from casts should be run in 
like manner, and covered over aa soon as run. By adopt- 
ing this method a great saving is effected. 

I shall now proceed to give a few mixtures for different- 
sized roils; and to make them intelligible to the reader 
it will bo necessary to inform him what is meant by Nob. 
3, 4, and 5, as the case may be. These several numbora 
represent the grades as arranged for my own convenience 
a mixing. 
For instance, No. 3 means a close, even-grained, clear 
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bright iron, entirely free from tlie Blighteet trace of chill. 
This iron, if of a. good brand, will be hard to break, and 
when broken wilt show a clean fracture straight acroaa the 
pig. (I would here call the reader's attention to the fact 
that Salisbury charcoal iron forms the baBis of these mix- 
tures, being, in my opinion, the best iron for rolls.) By 
No. 4 I mean an iron very similar to the No. 3 in the 
centre of the pig; but about an iueh from the edge all 
round it assumes a darker hue of a bluish cast, and much 
closer in grain, with a tendency to chill at all the corners. 
This iron will be still tougher than No. 3, but must have 
no trace of mottle in it. By No. 5 I mean an iron having 
the centre of pig the same grain as the 1 inch round the No. 
4 pig, the rest being mottled, and having its surface chilled 
to the depth o£ | or i inch. By a faithful adherence to the 
descriptions of the numbers it will be easy to arrange tho 
following mixtures, all of which I consider "standard," 
having used them myself with unvarying sHccess. They 
are the result of a patient study of the subject, aided by 
an extensive series of experimentary pmctice. Aa will be 
seen, I give more than one mixture for the same-sized roll, 
which enables tho mixer to regulate his mixture according 
to the iron he may have by him. It will also be observed 
that I describe the nature of the scrap used as well as the 
car-wheels; these are important items, and must be care- 
fully noted; as, for instance, by "low" car-wheel, I mean 
8nch aa have not more than i inch chill on the face; by 
" medium " car-wheel about ^ inch ; and by " high," I mean 
such wheels as are chilled from | to J inch. The scrap I 
also distingnish by grades in a similar manner ; and aa 
scrap is made up of a miscellaneous lot of "Id iron, such 
aa pieces of rolls, necks, etc., also such scrap aa is made in 
the foundry, including all grades of hardness, it becomes 
imperative that the closest scrutiny should be made of 
snch, assorting and grading it aa diroded. By "low" 
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scrap, I mean each as ehows neither chill nor mottle. 

" Medium" is intended for all scrap wliich ia mottled, 
• bnt only alightly chilled ; whilst "high" moans thtit which 
EiB deeply mottled, with considevahlc chill. By noting care- 
'fnliy these particulars, the table of niixturea given below 

will be intelligible. 

These mistiires are so many pounds to tlie ton of 2000 

lbs., and may bo modified to snit circumstancea, as, for 

instance, scrap may be substituted for wheel of the same 

grade, or vice versa. 
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PART II. 
OOHE-MAKING. 



CORE-MAKING. 

3^HB initiatory branch of the moulders' art is core- 
<making; and why such an important subject should be 
left BO much in the backgi-onnd I am at a loaa to under- 
stand. I consider it to be the foandaliou of the business, 
and feel assured that sufficient stress is not laid upon the 
importance of our apprentices learning that part of their 
trade thoroughly. 

It is not uncommon to see good moulders placed at a 
great disadvantage from their inability to make their own 
oores. This should not be the case, BTery moulder ought 
to be able to do this. 

Let us first consider the material needed for core-mak- 
ing. To insure success in this department requires skill 
in the selection of the different sands and their several 
mixtares. Districts widely separated will vary consider- 
ably in this particular, according to the kinds of sand 
nearest to hand, and their suitability, price, etc. The 
city of New York and vicinity are fortunate in having 
unlimited supplies of beach or white eand, which enters 
largely into the mixtures for genei'al work. Especially is 
it well adapted for small jobbing cores, being very fine and 
eaaUy worked, and, after being burned in the easting, giy- 
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ing little trouble to clean. But in tiie conntrj, whero 
white sand is ont of the question, on account of the cost 
&r carriage, the river-eands are used instead, with slight 
variation)) in the mixtures. 

The next in importance is the coarse, sharp, or, as it is 
by Bome called, fire-sand, on account of the resistance it 
offers to the high temperature of the molten iron. This 
sand is valuablo also bcciiuae, being ao open iu its grain, it 
permits the gases formed during the process of casting to 
escape freely, or, aa is most commonly said and understood 
by moulders, " the air comes ofi good." But good aa these 
Bands are, they would be valueless alone, because, contain- 
ing little or no clay, — aa most other sands do, — they will 
not hold together by the i'egiilar method of dampening 
and ramming. Consequently, in order to utilize them, we 
reaort to artificial means to bring tbem up to the proper 
consistency. The moat common things used for this pur- 
pose are flour, molasses, clay, resin, and glue. There aye 
many other things used, but, for all practical puriwses, I 
consider the ones mentioned will meet all require meats. 

Moulding-sand is also used in the coro-mlxturca, to help 
thera up to the required stifluess, on account of its possess- 
ing in a great measure the elements lacking in the white 
and fire sands; but, on account of its finer nature neutral- 
izing the good derived from the openness of the firo-sands, 
it must be used only for the purpose of stiffening, as 
before mentioned. Moulding-aand, so called, is tliat wliich 
is used for the legitimate purpose of moulding, as the 
filling of foundry- floors, sand-heaps, and, wben suitably 
treated by the admixture of the necessai-y ingredients, for 
the facing of patterns. As previously stated, the kinds of 
moulding-sand differ according to the districts from which 
they are got ; yet, as they are all chosen with the view of 
beat aniting the work for which they are required, I think 
it will not be difficult to determine which is neoded after 
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the enumeration of some of tht 
particular virtues they i>osses3. 

The Albany and Waterford aiiids ure chiefly valuable on 
acconnt of their finencas, being graded from No. 1 iip to 
the Goareest kinds. The No. 1 is used for the fiuest kind 
of work, such as stove, register, very light machinery, etc. 
But for the heavier kinds of jobbing and machinery work, 
the Jersey sands nmk A No. 1, being of a tougher nature 
on account of the larger perceutago of clay which enters 
into their compoBition. There arc also three grades of 
this sand, the medium being the most useful. But, as this 
sand contains bo much more clay, we need great care in its 
use. Its property of adhesiveness makes it valuable for 
the heaps and floor; but for the facing of patterns we have 
recourse to the mixtures before spoken of, theeo mixtures 
being required as well for the easier and safe working as 
foe the purpose of conducting the gases from the surface 
of the mould. I shall say more on these subjects in their 
proper place, and shall now proceed with the subject of 
core-making, first giving a list of mixtures whickl have 
proved to be tlie beat for the work for which they are in- 
tended, 

CORB-SAND MrSTURE NO. 1. 

10 parts white sand, 1 part flour, with water sufficient to 
Iftke it work easily. 

No, 1 mixture is for small jobbing, round and square, 

and all cores not too large, and where the iron, in pouring, 

does not strike the core. A little water sprinkled carefully 

,Over the cores before putting into the oven will give a 

trder skjn. 



C0RE-8AND MIXTURE NO. 2, 

yji parts white sand, 3 parts fine -Jersey moulding-sand, 
our, with water sufficient. 
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No. 2 mixture is for cores requiring a little tougher Baud, 
and will cling together better than No, 1, euabling you to 
bring up the edges good, and ia suitable for eiimll port- 
oores for cyljuderB, pumps, etc. Sometimes I have found 
it necessary to change these mixtures to suit intricate jobs 
having very thin cores in them, and difficult to vent. In 
snob cases I have, after fiiilure with mixtures Nos. 1 and 2, 
bad recourse to the following, never knowing them to fail 
in cases where the proper precautions were taken to make 
and Becore the vents. 



C0RK-9AND MISTURB NO. 3. 

10 parts white sand, 5 parts moulding -sand, 3 parts No. 
fi mixture, 3 parts resin (ground very fine). Mix with 
■neater, and sprinkle a little weak molasses- water on cores. 

CORE-SAND MIXTURE NO. 4. 

Mix thoroughly, when dry, iialf and hall river-sand and 
e-saud, sift through a fine sieve ; then to 15 parte of 

Aixed sands add t part of resin, \ part of flour, and mix 

rith weak molasses- water. 



CORE-SAND MIXTURE NO. 5. 

8 parts fir&-sand, 2 parts Jersey moulding-sand, 1 part 

if is with thick clay-water. 

No. 4 is a good substitute for the "white"-sand mix- 

IDres. No. 5 is an excellent mixture for larger cores, and 

JB the host dry-sand facing for any ordinary work, such as 

feflinders, pumps, etc., up to 40 inches diameter, requiring 

y little venting if thoroughly dried. It is also suitable 

r large pipe and other cores, for which the other mix- 

^res are not suited, on account of the tendency of the 

) or river sand to molt or scab. Fipe-cores made of 
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Uo. 5 mistore will enable the moulder to gato or run his 
oaeting oa the top — an absolute nccoBsity eometimes where 
a soaud casting is required, 

I need not give any more mixtures lor core-eanda, as a 
slight moditicatiou of the above will enable the core-maker 
to meet all demaMds oa bis iiigciiaity. 

L04M UIXTUIIB3 FOR CORES ON BAKHELa. 

WLere the loam must be made by liaud, the mixture is 
5 parts fii-e-saad, 3 parts Jersey mouldtng-saud, 1} parts 
manure. Thick clay-waBh to suit. 

If ground in tho mill, the ingrodienta will be: 7 parts 
file-Band, 2 parts moulding-sand, 2 parts manure. Thick 
clay-wash. 

The reason for the increase of fire-sand and manure is 

that the mill grinds the ingredients into a finer mass than 

they can be mixed by hand ; therefore, to preserve tlie 

openness required, more fire-eand and manure are added; 

I but care must always be taken not to grind the mass 

■^■piger than is necessary to mis it well. 

Another important item in coru-making is the rigging 
for securing, venting, transportation, etc., and to be able 
to make the best use of such tackle as may be ou hand, 
as well as to get up new arrangements if actually needed. 
I have frequently seen immense waste of time and money 
caused by the elaborate nonsense of some would-be genius, 
who, if he Imd looked carefully into the job, would have 
been able to do it twice over with the rig he Jiad around 
him, and in mnch less time than it took him to use the 
oomplicatioDB he had pondered out. 

To begin with, we will take a very simple example — that 
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of a flat core 2 feel long, 1 foot wide, and 6 inches thiok. 
Suppose it ataTida out of the mould at each end 3 inches; 
except at the ends, metal is supposed to cover the whole of 
the core. Now, all we have to do in this case is to secure 
the sand with rods both ways and take the vent out 
through the ends, as at Fig. 105. Such a core as this 
would require No. 5 mixture. Now, this is a very ordi- 
nary core to make, but, retaining the same width aud 
length and changing the depth, we shall mout new necessi- 
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1^ 

^^^rties. Let us suppose our core to be 34 inches deep, and ve 
^^^Kfind that we must tie our core in its depth as well as in its 
^^^R'Vidth aud length. Better provision must also he made for 
^^^ carrying off the gas than is shown at Fig. 105, as the three 
holes, 1, 2, 3, will not be sufficient for that purpoae. 
\ Allowing that we have nothing but rods to make our core 

I with, we must put in two sots of irons, 6 inches from each 

end of the core, in the same mauner as shown at Fig. 105, 
and also ram up other irons on end, to tie tho core iu its 
depth. 

To lead off the gas, we either increase the number of 

[ holes, or what is better, we can iu this case have a hole in 

[I'the centre 1^ inches diameter, through which a bar can be 

rat, and, after ramming up to the vent-rod and venting 

town to the bottom of the core, cinders must be placed to 
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i depth of 3 or 4 inches, tnkiiig care that tliej do not 
e to the outside. After ramming the remainder, vent 
down to the cinders. It will be readily seen thut by this 
method every part of the core is reached by the vent-wire, 
and consequently the gas wil! freely CBcapo through the 
one large hole in the middle, as A, Fig. 106. 

Another advantage in limiting the number of vent-holes 
s that the moulder can secure his work more readily and 
icurely. Now, as this core cannot be as easily handled as 
hs flmaUer one, some provision must be made for lifting it 





* into the mould; and, as we have supposed that our core 
comes through at the ends of the mould, a hole may be 
made, through which a bar can be passed, or books may 
be rammed up in the core, taking hold of the bottom irons 
or rods. 

Fig. 106 shows section of core where the hook B comes, 
, and esplains at a glance the diSereut instructions given. 
Let ns now suppose that our core is 1 inch thick, and we 
ce see that our room for rods and vents is very lim- 
We must in this instance be careful to have the 
mts ereuly divided, a little below tlie half. 
The Teut^rods and long irons being placed after J inch 
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of Band is rammed in, tiie ehort rods to tie the wbole 
together can be luid afiroas, and the ramming completed. 
Care mast be taken in drawing the vents, or the core will 
be split. We have, in this case, something to contend 
with which doea not occur in tlie other cores. The rods 
cannot exceed J inch diameter, and, being so much weaker, 
will require more carefnl handling. Wo must remember, 
also, that being so much shallower than the others, the 
iron in pouring will cover the core quicker, and the venta, 
being so much smaller, cannot convey tlie gases away aa 
fast as they should do, especially so when the core is very 
hard. To overcome this difficulty, it ia best to make all 
this class of cores in fire-sand alone, mixed wJth molasses- 
water of medium strength. This leaves the sand very 
porous, and there will he no difficulty. 

But should it occur that the cores we have been speak- 
ing of had the iron cast on all sis sides, we must then 
adopt another method to carry off the gas. In the case of 
a core 6 inches deep, we pass other Tcnts connecting with 
those running through the length of core, and connect 
these with the place where we are to take off the vent 
(which is usually on the top) by as large a hole as possible- 
Fig. 107 shows the position of vents, which, when all is clear 
and free, are stopped securely on the outside. In the case 
of the core with cinders, we simply place upright vents 
leading from the cinders to wherever the gas is to be taken 
away. 

It may bo here stated that where you have only very 
small holes through which the core must be taken when 
cleaned ont, there must he as few irons used aa possible, 
and no wronght-iron where cjiat will do. 

In some jobs, where the core is not too large, sticks ot 
wood may he used to stiffen the core, and where this (an 
be done with safety, a great amount of trouble is saved in 
the cleaning. 
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So far I bave s^keo of coiea mad« with rods; but it is 
not alwajB easy to obtain thorn, and something must be 
contrived in caet-iron, es|wciftlly when tlio cores oome 
lai^er than the ones I have been describing. My principjil 
object in being so particular in these exaniplee is to show 
bow a makeshift may be made to answer, as tlie principles 
laid down will answer for much hirger cores than the ouea 
described, aud are applicable to cores of different shapes. 
We will now consider cores of larger dimensions, and show 
the best methods of making irons for them. 

Let the core to be made be 10 feet long, 2 feet wide, and 
1 foot 6 inches deep, and when cast snrronnded with iron; 
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Fig 109 



in this cise we wmt a sound core with aa little core-iron 
as possible, as it hiis to lie broken up before it can be with- 
drawn. What we lack m strength of core-iion must bo 
remedied by the number of places we lift the core by. 
Fig. 108 will explain the kind of iron to be made in this 
emergency. This iron can be easOy stamped or cut out in 
a soft bed, staples being pushed down the required depth, 
and the prickers put in to suit the kind of core it is for. 
Should there be any body of siiud to carry below the iron, 
rods may be cast in to answer. 

Bnt should the ends of such a core come through the 
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mould, a much diSeruiit arrange me ut can be made. The 
core we considered last would require anchors under and 
over to keep it in place, but this one will allow of a strong 
beam or girder for main iron, and all we need to do is to tie 
the sand to it, wliich is done its shown in Fig. 109, which 
gives a view of rings around the main iron, with Vent-holes 
on each side, also the hole in bsir for lifting core. This 
])lan adnkits of almost universal application where there is 
much heavy work made. Fig. 110 shows the method aa 
applied to half-core for wuter-ejlinder 3 feet diameter. 
Another advantage in this nictliod is that the bar and most 
■ot the rings can be saved for future use. 

PIPE-CORES. 

Pipe-cores are often a great trouble, when, it correct 
methods were adopted for their prodaction, everything 
would be correct, and all annoyance cease as if by magic. 



a and sometimes expensive method of nsinga 

alf-box fails very often — through carelessness or igno- 

— to give a good round core, and I have frequently 

Ipen one or both halves fall apart in jointing, when, if a 

pttle judgment had been exercised by tlie core-maker, there 

ijieeded to have been no trouble. 

i. Ill and 112 show sections of half core with rods 

llwnt to suit the curve, these serving the purpose of clamps 

I to keep the sjind from spreading away from the main irons, 

f which are showt). 

, The two methods of jointing are here seen. The plaa 



COB&MAKma. 

of dry jointing is much quicker thwii tho other, if the 
matter of ii little fin ia of no consequence. 

By adopting this principle of making them, pipe-coree 
np to 12 inches may he made very readily, and eveu larger 
ones at a pinch. I have also shown how hooks may he 
Applied for handling. It is hatter, iu the case of elhows 




and bends, to pnt two main irons of medium strength, 
rather than one strong enough, as they can be more easily 
di-awn out. No. 5 core mixture is to be naed in these 



Larger pipe-cores require different treatment, and as it 
is seldom that boxes iire made for thoni, I will now show 
the way to make a 3 4-inch -diameter core in halves, 

"We will suppose the pipe to he in the £ocm. of Fi^ 11.%. 
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A template or pattern must be made 1 inch thick, 

wider thau tlie core as will allow the sweep, i 

, to run on the edge with about 1 inch of b=i 

Let the template be from 6 inches to 9 inches long®' t'"H*l 
I the casting at all the ends, this extra length being ret , . , ' 
t ior bearing or print. From this pattern or template . 
I make — on a level bed— a right and left hand plate --r>,^._^ 
if inch to 1 inch thick, according to strength required. 
Another level bed must now be prepared, on which to 

make the irons, (I have shown in Fig. 12 a section, in 
\ perspective, of the kind of core-iron yon are to make.) 
' Let your bed be well dug up, sufficiently deep to admit ol 

the pricker pattern being pushed down to the required 
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I depth and direction. After yonr bed is scraped off, lay 

I your template on, and mark it all around, right and left. 

[ Prom these liues as a guide you must trace out the shape 

I of your iron, setting in from the outside, as far as will leave 

I it clear of the core, about IJ inches. After cutting out or 

stamping down the sand to the right depth and width — 

which in the case of a 34-inch core would be about 2 inches 

deep and 3 inches wide— you connect the frame by cross- 

1 .bars, as shown at Fig, ] 1 3, at such parts as will be required 

J for lifting, anchoring, or bolting together, if it should be 

l-necessary to do so. Fig. IIG shows staple for lifting, stud 

for anchor, and hole for bolt. Yon will require a curved 

pricker pattem made of iron, tapered as shown, one pattern 

serving for several sizes of cores. It is well to have the 



ttern extend a little bejond the distance it is 
id into the sand, tho straight end answering for 
tandle, as shown at A, Fig. 114. 

To obtain some idea of the direction to push the pricker 

down, draw elevation of core and ii-on as shown at Fig. 1 14, 

I ^^lowing for aaud under the core-iron. Place yonr pricker 

^ pattern on the sketch, and mark the depth and angle as 

There may be some little difficulty in keeping the pricker 
lit the right angle at first, but a little practice will enable 
yon to bring out your iron a perfect fit every time, 1 have 
no hesitation in sivying that this makes the beat and cheap- 
est iron that can be made, aa it can be applied to pipes of 
all kinds and sizes with absolnte safety. 

Tour plates and irons being cast and cleaned, see that 
the edge where tho sweep will run is smooth; throw ou 
yonr parting-sand and bed yonr ironoua thin layer of core- 
sand. By referring to Figs, 114 and 115 you will see that 
cinders fill up the core to within a short distance of the 
prickers; let the cinders be well rammed down, and then 
ram on the sand. In large cores considerable old or floor 
Band may be nsed under the prickers, but it is well to let 
the core-sand take good hold of them. 

Should some of the prickers be too far away from the 
face of core, a few spike-nails driven in will serve to make 
up the deficiency. 

Should anchors he required in the core. Fig, 115 shows 
how to put in the stnd; lot your pitckiug rest on the cross- 
bar only high enough to admit of a piece of pine wood, say 
4 inchys square, ou which must rest a piece of wrought- 
iron 3 inches square, f iuch thick, the whole to stand | 
inch below the top of core. 

I do this to save the trouble of knocking out the studs, 
which must be done to save the casting, when anchor, stud, 
and core-iron are all touching. The plan suggested is 
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simple: by the time that the thin plate at top has "become 
hot enough to burn the wood, the iron is set, and all 
danger oyer. Of course the wood burns away and frees 
the stud. I have seen many caatinge break on account of 
there being no provifiiou made for the shrinkage, or not 





■being able to get at the stnd quick enough. By a careful 
Burvey of the figures given, you will see at a glance all that 
I am desirous of explaining. There will often be places 
where the sweep will not work, but by making a clean 
finish up to where it will roacii on the plain, the rest will 
be easily overcome by the careful use of eye and hand. 
There are constant denianda on the ingenuity of 
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moulder or core-maker to save cost of core-box, sncli as 
cores where an ordinary sweep, as at Fig. 117, is of no use. 
For inBtance, a taper core is needed, for which there is no 
core-box. Fig. 1 18 showa a method of making such a core. 
A half-circle for eiich und, the diameter required, — secared 
to atraigiit-edges the length of core,— serves as guide on 
whicli to work the strickle. 

When proper attention is paid to the making of this 
kind of core according to instructions given, a very good 
core can he made in this mannur. 

It will be seen also that any departure from a plain core 
can be easily overcome by making the strickle to form the 




I shape desired. Where small necka come — as they often 
I do— a piece can be inserted in the frame, over which the 
I strickle can pass as shown at G, Fig. 118. 

This is done because of the difficulty of drugging the 
strickle throagh snch a body of sand, leaving the core 
rough and out of shape. 

It mast also be observed that in making this core — 
should the neck be very small, and there be no suitable 
irou to make it with— that the ordinary stmight iron in 
the length will be of no use, on account of being so far 

L removed from the centre of the core by the iutervention of 
the neck. Figs. 119 and 120 will show how to act in such 
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a case. It will be well to master the prindplea involved 
in tluB, as well as other problems snggested; for rest aa- 
eured that, it your work does not turn out correct, it is 
because you are ignonnt of the wij it slionld be done 
and just as soon as jon begin to ask yourself Why is 
this" and determmc to mister first principles in your 
business just so soon will your work become attractive 
and be a pleasure rather than a burden 

A thorough workman knows from the beginning what 
the end will be ind leaves nothing to chance 

Sometimes a round core is Tiarited sjtne out of the wav 
in size for which there is no box Lt t it be IS inches by 




Fig 119 



15 inches deep bhould there be a pulley pattern di ring 
r coupling box the size of core required place the same 
D a truL plate set flask or flasks with loom to lam sand 
I hard to the requiied diptli draw vour pattern and by 
little care you may rum up a good core m the mould 
Aftir carefully digging away the sand from around tl e top 
edge you may remove flask'- clean off ind fiui h (see Fig 
1^1) Should there be nothing fiom which you cin make 
a core this way, and there should be a gig or cross and 
small spiodle hiiudy, run up a course of bricks, and sweep 
out with mud to size. When the core is rammed, pull the 
outside off curefuUy and you have a good core. This plan 
works well, and saves considerable in pattern -making, 
where but one is wanted from a job. Should tho core ho 
very large, aud yon have a lifting-plate suitable, the core 
can bo swept at once, and the trouble of ramming saved. 
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LOAM-CORES ON BARRELS. 




In my travels I hayo come across foundries where, in 
Bearching for a ring or flask in some out-of-the-way place, 

I 1 have found old core-barr«ls half buried and rusting away. 

I Asking the reason of their beingao far away from the shop 

and why they were not in use, I have been told that the 
man who formerly made loum-corea has died, or left for 
other parts, and, there being no one else in the shop able 

I to make them, they have gone back to the siind-cores. 
Now I insist thitt no man is a thorough core-maker who 




Fig. 111. 



cannot make a loam-core, and, as the businees is so simple, 
I will in a few words show what must be done to secure 
good cores on barrels. In the first place, I have shown, at 
Fig. 122, a perspective view of the process, from the monut- 
ing of the barrel to the finished core. Ban-els for small 
cores can be made of wrought-iron pipe, J-inch holes being 
drilled irregularly along its length; for, should tliey he 
drilled in line, and too close together, they are apt to split 
the barrel in time; especially is this rule to he observed in 
barrels made of caat-iron. There must be a gi'oovu turned 
a short distance from each end, to fit bearing in horse, aa 
shown at A, Fig. 122, so as to give a smooth, even turn, and 
insure a round core. When barrels are large, and it comes 
too expensive to make them of wrought-iron, they can be 
made of cast-iron, and the vent-holes may be cast in. A 
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J important feature in the casting of barrels is to hare 
a strong enongh; they should not be Igbb than 1 inch 
thick for a 12-inch core. Care must be taken also to aecnro 
an even thickness all round, ae they soon become useless 
from warping if there should be a thick and a thin side. It 
will bo necessary to fit trunnions. Fig. 133, in the ends of 




Fig. 122. 



hirge barrola for the purpose of turning and lifting them; 
let them be as strong im possible, allowing plenty for truing 
up in the lathe, which must be done after they are secured 
to the barrel, so as to insure an even body of straw and 
loam all round the core. The best barrel for the job, all 
else being satisfactovy, is that which will allow from f 
inch to 1 inch for rope, and same for loam. And in no 
case, to save a little extra trouble with the smaller barrel, 
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chooae one that n-ill endanger the casting, on account of 
the ropes being too near the surface of the core; for, 
should your barrel bo a little small, yon can overcome that 
by an extra thickness of loam. But if you are making 
barrels for special use, you will be governed by the kind of 
job they are for. 

Barrels made for thin pipes, say 6 inches diameter and 
9 feet long, must bo from 4 inches to 4^ inches diameter, 
on which you need only to run a little loose straw or hay. 
But should your job be a column or pi])o 3 inches thick 
and 15 inches diameter, then you will require your barrel 
11 inches on the outside, to allow for about 1 inch for 
rope, and same for loam. 

We will suppose this to be the core you are going to 
make. After your barrel is ready place it in position, aa 
shown at Fig. 122. You reqiiii-e a strong boai'd or sweep 
that will rest on the horses, as shown in the figure, the 
front edge of which must be bevelled to almost a sharp 
edge. This board, when set to the right distance, will 
sweep the outside of core. 

Where large quantities of the same-aized cores are made, 
there mnst be gauges or stops made to set the board, to 
insure the correct diameter, without the trouble of measur- 
ing with the calipers. There are 2 inches to go on the 
barrel, 1 inch of which will be rope and the rest loam. In 
making the rope it would be well to consider what it is for. 
In thefii-st place, it forms a passage for the gas to the holes 
in the barrel; and, secondly, it enablus you to rub on yonr 
clay and loam more readily than you could do on the bare 
iron. But another important featiii'e is that, when the 
heat has burned it out, it allows of the more easy with- 
drawal of the barrel. 

Now commence to run on the rope, which is done by 
passing the end over and around the barrel, bringing it 
under the strand so that your rope will pass over it about 
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three timeB, leaving it good and tight. Be careful not to 
have your rope too close, aa, when that is the case, the 
only resistance which the core offers to the presanre around 
it is the 1 inch of loam outside, there being no dependence 
to be placed on the straw, eapecially, as ia often the case, 
if the core should get a little too much fire. By IciiTing a 
little space between, into which the loam can be rubbed, you 
liave then a& many studs iia yon have ropea, and conse- 
quently a good aouiid core. Keep the rope tight as you go, 
and when one ball is used up slaclten the end you liold, aa 
well as the end of the next ball; iutertwiue them, leaving 




le portions to be caught as you pass on to the end. When 
^ere, break off your rope and twist the loose straws 
round a spike-nail, and drive it under and into the rope, 
iking care to keep it firm and tight. 
The next opei'ation is to cover the whole of the rope with 
lay made from good clay and old sand in about equal 
fnantities, after which press down the rope with a weight 
fcjjeld hard down, whilst the barrel is being tnrneii round. 
This presses in the loose straws, and acrapos off the super- 
fluous clay. After running your fingers along between the 
ropes, and scraping out the clay, you can rougli up your 
core. As you have about 1 inch to go on, you mnst divide 
that and sat your board about J inch from the rope. 



Temper your loam to the right coiisistencj, and rnb it well 
on, turning alowly towards the swoop as yoii rub it on. 
Wbeu covered to board as set, remove the board, and lift 
the core from the horses and run into the oven. As soon 
as this coat ie diy, set back on the horses. Set the sweep 
BO as to bring tlie core within i inch of size; rub this coat 
well on, and when your loam is all on up to tlie board, 
clean off the sweep and set back ^ inch, have some finely 
Bifted loam to finish off, and, after finding your size correct 
and whilst the core is buing turned round, pull back the 
sweep sharply at one end, stop turning when the seam 
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caused by the board eomec to the top, and your core is then 
ready for the oven. 

By observing the rules laid down it will take but a very 
short time to become an expert on loani-cores. 

lu running up barrels with looso hay or straw, a little 
practice will be necessary. Commmence by rnbbing a little 
clay ou each end of barrel; pick up as much long straw as 
you can conveniently liandl^ and after making fast to one 
end as before directed, let the straw run from your hands 
on to the barrel aa evenly aa yon can. When yon come to 
the other end, if your hay or straw be soft and jjliable, it 
can easily be made fast with clay; but should there be any 
difficulty in tbis havo some short lengths of tie-wiro to 
wrap around. Bub on the clay and press dovm with a 
board aa it is turned, and proceed as before directed to 
cover with loam. These cores must be no more than dry. 
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as if the straw should be burned the core would be li 
on the barrel. 
- So far I have only spoken of the plain corea, but the use 
Ijof barrels have a much wider range than this. I have 
known shops where from flix to ten men have been con- 
stantly working on jobbing pipes from 2 inches to 24 inches, 
and barrels used to the straight parts of them all; for in 
the case of elbows short turus can he made, and butted to 
the end of a toam-coro. Fig. 124 shows method of making 
body-core in loam. The end of barrel stands past the 
horse ^om 6 inches to 12 inches, to admit of the core being 



wept up to and a little past the eud of barrel; this allows 
r sqaaririg to the body. 

When the core is up to size, the top half of apace can be 

IHed up with loam, and as soon us the core ia eiiflSciently 

y to turn over, the rest can bo made good. The end 

IQust he well plugged, and levelled off with sand after being 

iquared, to prevent the imn from making its way into the 

jarrel. 

Fig. 135 shows cores together in mould. A little more 

ire is needed in the anchoring in thia case. Another plan 

fl to fit a loose sleeve into the closed end to turn the core 

I, knocking it out when the core is finished, and plugging 

e end; but with delicate cores it does not act eo well, as 

es the core too much in driving out. When, on 

»;onnt of a neck coming into the core, jon are obliged to 

|,an a Tery small barrel — and there should not be more than 



6 inches to go on — yoti may run a l-inch ropo and one cout 
of loam on, and iifter drying repeat the operation until you 
get the required diameter, but never put rope on rope when 
you want a good sound core. 

But should you have a core, such aa an oil vessel, open 
only iit the small end, — which for a figure we will say is 6 
inches diameter, the body 2i inches diameter, — some other 
plan must be adopted. Procure a barrel not more than 4 
inches diameter; insert a plug or sleeve, to turn the core 
vn, into one end. Should the core be about 3 feet G inches 
long, cast three plates, J inch thick, S2 inches diameter, and 
5-inch hole in centre, full of small holes to allow the gas to 
pass through to the barrel, as well as to help in breaking 
them out of the casting. Cast prickers 2 inches long on 
two of the plates, and about 1 inch from the edge Citst §- 
inch holes every 3 or 4 inches. By referring to Fig. 136 the 
disposition to be nidde of these plates will be seen. 

Aiter keying or Winlging plates on tlie barrel in their 
proper place, with outside holes opposite each other, run 
some J-inch rods through the bottom holes as it rests on 
the horses, and pack Lirge cinders and coke between the 
plates as firm as you can up to the top, placing in the roils 
as yon come along. Put a small wedge in a few of the top 
rods to keep them firm, and rub some loam all over with- 
out turning the barrel. Pill in the prickers at the ends 
with stifE loam, and dry well. When dry put biick on the 
horses again. A little hemp rope run on the small end 
will answer in this case, as you have only an inch to go on. 
You must now run a straw or hay rope along the body, so 
as to leave I inch of loam on the outside; rough it up as 
before directed, and finish. By a careful study of Fig. 136, 
which is a section of core when cut in halves, it will bo at 
once seen how to make this core. It shows the plates 
keyed on the barrel, the middle plate having luga cast on 
top and bottom to support core in the mould, as well as to 
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[> it down. The staple is Been on the end pliite for lift- 
ing purposes. 
Should it bo required to cast this on end, bolts instead 




^f rods may be ineerttd in thii.e or foui pUcea, equally di- 
vided, with BtudB betHCon, and the whole made secure to 
i barrel by insertuLg pma m the holes, firmly wedging 



between tliem and the plate, ae shown at A, At B will be 
seen the way to lift the core on end; this amall bar must 
be inserted before you pack in the cinders. Wiien ready 
for the mould lift the core on the soft sniid, and knock out 
the plug, being careful to clear uway the loam all around it 
down to the plate; you may hitch on your hook and hoist 
on end. At C is seen the hook for anchoring down. 





;he core ia in ita placu, the barrel must be filled 
i to within 3 inches of the top, and the hole i 



Fig, J 27 gives elevation of a brick core cut in halves. 
Thia plan may be adopted with safety where it would be 
advantiigeous. I have built corcB in this manner from 18 
inches to 36 inches diameter, and as long as 6 feet. 
Being firmly built and secured, they can be rolled over on 
the sand and lifted horizontiiUy into the mould by the long 
bar Af or staples may be cast on both top and bottom 



146 THE IBON-FOUNDER. 

plates for that purpose^ as at B. Of course this plan is not 
confined to straight cores^ as the brickwork can be adapted 
to any shape required. 

In conclusion^ I would suggest to the learner in this 
branch of the moulder's art that he carefully and studiously 
think over the instructions given^ mastering the principles 
that govern the various operations shown. By so doing he 
will be enabled to apply them every day in such a manner 
as will command a recognition only second to the best 
moulder in the foundry; in fact, I liave no hesitation in 
saying that a first-class core-maker is at all times the most 
important factor in foundry economy. 




In treating of this very important branch of the iron- 
founder's art my object ia to instruct the moulder in the 
details of his buainess, with the view to qualifying him to 
judge for himself as to the beat way of accomplishing the 
work ho may be set to do. 

I am persuaded that, to qualify yourself for a loam- 
roonlder, you must master the principlos which goveru 
the trade. This once done, every new difficulty will serve 
to sharpen the intellect, and every day's experience will 
bring new knowledge, aided by which you will rapidlypro- 
greaa to the highest rank in your profession. 

It is to be deplored that so many of our moulders have 
no fixed principles on which to base their operations. 
They grope along in the dark, and are constantly wonder- 
ing how their work will turn out, I know men who are 
now working on very critical jobs, and are allowed to be 
firat-clasa workmen, who, if they wore asked to explain or 
give a reason for doing thus and so, would shrink from 
giving an answer, simply because they are ignorant, — only 
"that it has been done before." The principles upon 
which they work have been laid down by some of the 
thinking men, and these are mere copyists. I am much 
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pleased at the effoi'ts which are hcing made to enlighten 
Bnch, and hasten to add my little my to the light which is 
beiug directed towards the Bubject. 

Loam work maybe divided into three claasea: namely, 
spindle, strickle, and pattern work, some jobs requiring all 
three systems for their successful working. We will at 
once commence work with the spindle on a very simple 





L 

^^^rndimenta of the hnsinesB will be learned. 

Requiredi A plain cylinder, 3 feot diameter and 6 feet 
long, with head cast on 6 inch deep to receive the sullage, 
or dirt, which gathers aa it ia being cast (see Fig. 138). In 
the first place make foundation-plato, Fig. 139, to carry the 
whole mould. The outside diameter of this plate must be 
18 inches larger thiin diameter of flanges, so as to give 
bearing for cope-ring, which carries tlie outside of the 
inoiikl. The diameter of hole in the centre most be about 



Fig. 128. 



Fig. 123. 
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18 inehea smaller than the bore of cylinder, and will then 
allow of two courses of bricks in the core, should it be re- 
quired, as it is sometimes when the casting is very deep. 
Let the plate be 2 inches tliick at least, and in all cases be 




e to have enflicieiit strength in the bottom plate, becanflo 
rerything must bo secured to it. Have the spindle fixed 
p at Bome place handy to the oven, if possible, and as well 
mt of the way of the green-sand floor as yon can, on flc- 

mt of the rubbish which ia constantly being made. 
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Spindles 10 feet long can be made of 2-incli pipe, with 
one end welded np, and turned to fit the countersunk hole 
in the weight it turns in, this weight being bedded level 
with the floor. Make snre to have your spindle trued np 
good, as the truer the spindle is, the easier it is to make 
correct work. Sneh a spindle carefully naed will serve 
your purpose as well as a solid shaft, and be much easier 
to handle. 

The bracket being fixed to hold the top of spindle per- 
fectly plumb, you are ready tocommence operations. Fig. 
130 shows bottom plate resting on blocks, and it is very im- 
portant that a good foandation be made for the blocks to 
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rest on; for, should any of the bearings sink down under 
the load, great trouble ensaes. Bo sure that the bracket is 
firmly erected, as no reliance can be placed on work made 
under a spindle which works loose on the top. 

The arm to which the sweep is attached may be made as 
shown at Fig. 131, It will be seen that a cap is inserted 
between the spindle and key, to preserve the spindle from 
dents. Observe that the side of arm to which the sweep is 
bolted must be on a line with centre of spindle. 

At B, Fig. 130, slot is shown for key. A good device ia 
shown at Fig. 132 for securing sweeps, being a plate and 
set-screws, which has this advantage, that the moulder has 
not to hunt for a wrench every time to loosen or fasten his 
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sweep. The plate can be made with any number of tapped 
holes to suit the job. 

The first sweep required is the bearing which will take 
you up to the top of bottom flange shown in Fig. 123. 
Now, as this is to be not only a bearing, bat a guide 
also, and aa you are required to take the impreeaion of 
this guide in the copo, it must have a taper in its length. 




fceliown at A, Fig. 130. By observing sweep as shown at C, 
Kg. 130, it will be seen that it is cut past the taper, exactly 
the shape of flange. As the first operation is to strike a 
bearing, as at A, you must screw on a thin atrip, as shown 
at broken line, and bring down the sweep to allow about one 
inch above brick at D. Ascertain that yonr sweep is sqnaro 
with the spindle and correct in diameter. You may then 



comi 
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that yonr | 
aep. Use 



commence to build as shown at A, taking care that j 
bricks are not closer than half an inch to the sweep. 
I'iDnd made from tlie scrapingB of the floor mixed with 
nter, for building with. After the bricks are IsiiJ, rub oa 
ilie loam and aweep off with board ; bring up the comer as 
WoU as jou can; if necessary, hung a charcoal fire over, to 
dry it Euffieient to take the finishingcoat or skinning loam, 
which is the regular loam thinned down with water and 

^H mfted. 

^^H A quicker way to make the ekiuiiiug loam is to have the 




Fig. 134. 




Fig. I3S. 



3 proportions of sand without the manure, addill 
water to bring it to the proper consistency. 

You now take off the strip of wood, and, when the 
mould is hard enough, throw on a little parting-sand, and 
begin to form the fl.inge in this manner. Have some old 
sand sifted fine and tempered, ram it on hard with the 
hands, pulling the sweep along carefully bit by bit, using 
yonr trowel to cat the superfluouB sand away. By a little 
care you will succeed in forming the flange as shown at E, 
You must now dampen the sand a little and sleek down 
well, 80 as to be ^ inch clear of the sweep. You can 
now finish off with thin skinning loam. 
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Bearing and flange arc now formed as seen at E, Fig. 130. 
The thing to be now done is to prepare it so that the im- 
pression can be taken clearly. The best way to do tliis is 
to go over tlie surface with coal-oil, and tlu-ow on parting- 
sand whilst it is wet; this makes the best separator for 
loam work. The reason for striking the flange separate on 
the bearing is hecanse it is much easier to take the impres- 
sion this way than it would be to form it by the cope-sweep, 
as this wonld necessitate a flnger on the bottom of the 
board, over which the bricks would have to be built, and 
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Fig. 137. 
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r long projections from the board are to be avoided 
as much as possible. Just think this over a little; it will 
be profitable. 

The outside, or cope, is the next thing to be considered; 
to carry which a ring must be made as shown at A, Fig. 
133. Let it be f inch clo!ir of the guide, and wide enough 
to carry an 8-iuch wall, and, what is indispensable, strong 
enough to carry the cope without springing. A plan of 
this ring is shown at Fig. 134, where four luga for lifting 
are seen, equally divided. Make it even and smooth, as it 
nnust rest true on your bearing, without any loam under it. 

After bedding down the ring, fasten on your sweep, as 
shown at Fig. 133. As will be seen, these sweeps are shown 
as being set against the spindle. Tliis should save any 
measuring if they are made correct. But sweeps must be 
nsed, sometimes, which do not reach the spindle, in which 
case a gauge-stick must be made, and marked off to the 
correct diameter — one is shown at Fig. 135. 
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.Yon now commence to build, bringing yonr brickwork 
level with top of flange, where it is necessary to place your 
bricks endways in, as shown at B, Fig. 133. Rub some very 
wet loam on the under side of Imcks as yon lay them over 
the flange, talcing care that you have at least ^ inch of 
loam between the bricks and flange. 

There is a point hero it would be well to notice. We 
suppose the flange in this case to be 3 inches wide, and 
would stand as shown at Fig. 136. But suppose the flange 
to be as shown at Fig. 137, 10 inches wide; it will be seen 
that the brick has no support whatever, and some other 
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lode of working must be adopted. To overcome this dif- 

fecnlty a ring must be made in halves, about J inch thick, 

Vith prickers cast on IJ inch long, as seen at Fig. 138. 

jet it be made 1 inch clear of sweep, and when cleaned off, 

KJirow on clay-wash, and flll np level with prickers with stiff 

^Oant; when dry, clean off the dirt and soot, and bed down 

outside brickwork and over the flange, on about ^ 

inch of loam. You can then go on with your building as 

Haaual. Now follow on with the bnilding, and keep clear 

f of the board ^ inch; and, when you have built as far as 

I will permit of your reaching the bottom, you must soften 
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your loam to the proper consistency, aud ml) it wull on tlie 
bricks iiisiJe, sweeping off as you go. 

In building long copsa it is well to have a binding course 
of whole bricks end in about every sis courses. Build open 
and fill in the spaces with fine cinders, keeping the Binall- 
eat bricks to the inside. Fig. 139 explains what I mean. 
WTien the bricks are all laid, and the first coat of loam 
roughed on, procure a length of strong hoop-irou with ears 
on, as seen at A, Fig. 139. If it should not be convcQient 
to get the ears put on, you may bend the iron, as seen at 
B, and wind softened wire from one hook to the other, and 
giye the strands a few twists with the prong of a file. 

This hoop-iron must be placed about the third course 
from the top, with mud between it and the bricks. This 
plan answers well to keep the mould stiff on such a cope as 
this, but when you have larger work, with feet, nozzles, 
lugs, etc., built in, you must cast a thin binding-ring the 
width of the brickwork to build in, in place of the hoop- 
iron. 

Before skinning up your cope with the fine loam or slip, 
go over again with some thin, coarse loam to fill up every 
crevice and hole, as the fine loam is only iutemlod for a 
finishing coat, to enable you to make a smoother casting. 

In moulds which are too small to admit of a man work- 
ing in the inside, you must fasten a hand brush to the end 
of a long staff, and rob or plaster your slip on with it, 
working the sweep round and round until the surface is 
Bmooth all over. 

The spindle and sweep can now be lifted out, and the 
scaffold cleared away. Make good reliable marks at the 
bottom joint, bo that in closing back your cope you will 
be sure to place it exactly where it was before. 

You now want a cross and slings to lift your mould with. 
A cheap plan to make the one shown at Figs. 140 and 141 
is to have a square block the size of the centre, and one 
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leg. By making it Btaple down you may east it open-sand. 
Amongst tho tables given at the end of these articles, one 
Trill be found giving the strength of beams, by the use 
of which a safe estimate of the required depth and thick- 
ness may be made. The eliiigs can be made as shown at 
Fig. 142. You now lift off tJie cope, setting it up high 
enough to work under. 

The next thing to be done is to build the core. Take 

away the sand which formed the flange, and set the core 

sweep. As will he seen at D, Fig. 133, this sweep rests on 

' the bottom, and is the full length of core and head, 

including shrinkage. It will not be as firm as the cope- 




board was, on account of being braced at the top only; but 

you can improve that by using a temporary clip, as shown 

at ^, Fig. 133, which is simply two boards, long enough 

to reach from spindle to sweep, through the centre of 

I which a half-inch bolt is screwed tight. It will be neces- 

I eary to use the gauge-stick (Fig, 133) in setting tliis board, 

J this being much more reliable than the rule. Build a tevr 

f-double courses at the bottom, crossing the joints .is yon go; 

build up to the clip, and then rough and finish this part of 

I the core. The reason for doing this is that, by finish- 

I ing the bottom of core whilst the clip is on, the correct 

^ diameter will be secured, as well as being perfectly ronnd 

something very difficult to accomplish when the sweep 
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swings loose from the top), and serves aa a guida to finish 
the top of the core by. When the rest of the core is built, 
and before you rub on the loam, tie it in two or throe 
places with soft wire; this keeps the brickwork firm, and 
resists the jar caused by running in and out of the oven. 
The reason for building double bricke at the bottom 
is because the greatest pressure comes on at the bottom, 
and, unless extra precautions are taken, the core is pressed 
in and the hole is much too small, giving considerably 
more work in the boring thau is required. 

Your core being skiuned up, you must now turn your 
attention to the portion of cope from top of flange, shown 
from B to C, Fig, 138. This part must be formed in the 
coveiing-plate, and will rest on both cope and core. To 
accomplish this you require another plate, the outside 
diameter of which will be the same a^ the brickwork 



Fig. 142. 



at the top flange, whilst the inner diameter will correspond 
to the inside of brickwork of core. Figs. 143 and 144 show 
plan and elevation of plate with sweep in position. It will 
be seen at Fig. 143 that provision is made for running, these 
holes being cast in so that the gates can be set over 
the centre of thickness. The prickers are shown, between 
which bricks must be built. As this sweep corresponds 
with the cope-board in its diameter, that would he the 
guide in laying out the plate, making sure of an inch clear 
of the sweep. The small prickers are 1^ inches long, aud 
can be rammed hard with drj-sand facing, but the bricks 
between the long prickers must be roughed up with loam, 
and then all can bo skinned up together. When stii " 
sufficiently, the gates can bo cut thrc 
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By referring to F, in Fig. 133, yon will observe how 
the guide is made to insure the correct position of the 
covering-plate. By leaving a square edge same distance 
from centre on the covering-plate, as seen at F, Fig. 144, 
the two parts can be closed as accurately as if you had the 
inside of the mould to go by. This system of guides will 
answer in all cases where they can be swept on. 

To facilitate the laying out of the gates, a small notch 
must be cut in the top plate-sweep, as shown at A, Fig. 144, 
BO that, when you strike on the skinning loam, there will 
be a ridge all around, corresponding with the diameter of 




core (suppose tbe casting to bo 2 inches thick, this mark 
would be 3 inches from the outside). It is important that 
eare should be taken in this, so as to avoid striking either 
cope or core. Should your covering-plate for other work 
be without any portion of the mould to guide you in this 
particular, any number of notches may be cut for the pur- 
pose of showing the thickness. (See Fig. 145.) 

It is important that the gates be well distributed around 

tbe cylinder, as the more gates you have the cleaner will be 

k the casting, as they serve to break up and keep in motion 

' the scum which rises as the casting is being ponred. 



larger hole is shown, which serves aa a r 



' feeding 
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It is not possible at ail times to gate tlie mould 
evenly uU around; alioukl there be corea or "Jrojectioua 
in tbo way, provision must be made for this when the 
cover-plate is made, and the holes placed whei-e they will 
miBB them. 

You must now finish the eeveral parts I'eady for the 
oven. First go over the skinned parta of the cope with 
such tools as are needed to fit the different parts of the 
inonld, taking care not to altiT the shape. Should any part 
have become too hard to finish easily, brnah a littlo water 
over, to moisten the surface. 

A different operation is needed at the bottom ilange. 




Fig. I4S. 



ter cleaning off the parting-sand which adheres to 
^e loam, atid acraping it true, rub up the Burface by 
xnshing over some thin skinning loam, and with a nib- 
Sng-atick, in the form of a segment of the flange, scrub it 
>enly all around. When the skin made by the oil is 
Shoroughly broken, and the surface is good and true, brush 
a little skinning loiim all over, and finish with the proper 
tools, as before. Never use tools unsuitable, as the mould 
would be all humps and hollows. If you have not the 
proper tools, it will bo better to make the mould as good 
as possible with the rubbing-sticks, which is ^lev^ oltaVk 
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Pay particular attention to the core; whatever 
[ fixing ia required, let it be done with the rubbing-atiek 
I, alone, which in this ca.Be would be a piece of soft wood 
^ 18 inches X 3 inches X 3 inches. 

My reaaona for bo much caution in the nse of tools are 

b: First, there is danger of losing the original design 

I the unskilful use of them. Secoud, the least use 

fou make of them, the less clanger of scabbing, as repeate<l 

Bsnioothing brings the clay to the surface in thin, hard 

Ifiakes, which usually comes off in thin scabs when the 

P'Caating is poured. 

Blacking the parts ia to he next considered. 
This is a very important feature in the trade, as, no 
matter how much pains may have been taken in other 
ways to secure a handsome casting, it will be ail marred by 
not having the right mixture of blacking for your job, and 
using it in the right way when it ia made. For the job in 
hand, and all other work of a aimilar kind, the following 
mixture will be suitable: 

Blacking mixture for general work, from J inch to 4 
inches thick. 

To 1 of beat mineral add J- of beet heavy charcoal, 
i of XX silver lead, ^ of hard Lehigh blacking. "Wet with 
clay-water that will just color the hand, but be sure and 
not overdo with clay; mix well, and pass through a fine 
sieve. 

In blackening your monld use flat brushes, as they lay 
the blacking more evenly than the others; cover the 
surface of the cope to the depth of -^ inch, and finish 
carefully with your tools, takiug care not to slick any 
more than is necessary. When the monld is nicely 
finished, you can paint it all over with a thin mixture 
of XX silver lead and molaaaes water, using a flat camelV 
hair brush for the purpose. 
In blackening the core, brush on evenly ^ inch thick, 
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leaving as few brush marks as poaaible, but do not attempt 
to slick it. Cores nmst ncvur bo slicked, because, tlie sur- 
face being convex, the skin of the loam is easily loosened 
with the tools, and a scabbed core is the result. You may 
stick the flange face at the bottom of tlie core, and go over 
with the lead-wash as on the cope, but tlie body of the 
core will not need it. 

The covering-plate being finished after the manner 
described, the whole of the parte must be thoroughly 
dried. When dry, htive the pit in which your mould 
will- be closed for casting dug deep enough to leave about 
3 feet above the floor. 

By a careful examination of Figs. 146 and 147, the method 
of closing, binding, and ramming will be seen. A and B 
are the guidee, G is the floor-line, D the cross on which 
are linng the slings E, which are set under the bottom 
lugs F, and made taut by lioisting on the cross. When all 
is snug, and every sling is tiglit, packings C must be 
set under the cross on top plate H, and wedged securely 
between, taldng care that the wedges bed close to cross 
and packing. 

I would here observe that wedges should uever be put in 
singly where it can be avoided, and wrought-iron is always 
preferable to cast, on account of the liability of the latter 
to snap, thereby endangering the success of your work. 

The cross can now be lowered off, leaving the mould 
firmly bound together. The joints A, B, I must now be 
stopped in siife by rubbing in thin mud, and all is ready 
to commence ramming. 

At J, K, L, M curbs of wroiight-iron are shown; they 
may be from ^ inch to ^ inch thick, according to the 
class of work they are needed for; thelengths may vary 
from 8 to 10 feet. 

It is well to have a few shorter ones, as they are handy 
for shortening up or lengthening out, as maj be required. 
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Have the holes punched for |-inch bolts, snug fit, about 
IJ inches from the end; about four holes in a 3-foot 
plate, and three in a 1-foot- 6-iuch. Ubb washers in bolting, 
and be sure that you screw them np close, A few stronger 
plates may be kept for the bottom coarse of deep mould a. 




jHrith an extra bolt-hole in. In ramming, judgment must 
Bed, fio as to savo labor. As the greatest preasure 
s ou the bottom, let the ramming be extra firm at the 
|t>wer courses, decreitsing gradually aa you come to the 
^pp. The moulder, or some tniatwortljy man, will superiu- 
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I tend this part of the work, using a pin rummer close to the 
bricks, the rest with Sat rammers, keeping 3 inclies back. 
The monotony of the labor will be considerably lessened by 
all hands keeping time as they ram. 

It will be seen in Figs, 146 and 147 how to make the 

runner. As shown, a few conrses of brick are laid up to 

the inside of top plate, to keep in the sand, or a ring of 

iron may be set on for that purpose, if there is one handy. 

B seen at 0, the riser is much larger than the runners. 




fKeep the plug in the riser when you pour, and have a man 
r ready with a rod to lift it out as soon as the iron touches it. 
Y Be sure to have a few shavings down at the bottom of core, 
and light them before you commence to pour; this serves 
to rarefy the cold air in the core, and makes it easier for 
the gas to escape as you cast. Some moulders say, keep 
all risers open, and allow the gas to free itself from the 
mould, thereby insuring a cleaner casting; but I am of 
the opinion, that whatever good it serves in that direction 
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is more than neutralized by the consequence of snch a 
method. By keeping all risers closed , the air inside the 
mould is confined, the espanaion of which (as soon as the 
iron enters) serves a Tcry good purpose; pressing as 
it does on all its parts, and binding the surface firmly 
to the brickwork; whilst, on the other hand, if thoy 
are left open, the di-anght and roar act in the opposite 
way, creating a suction which draws ofE the sorface, and 
causen scabs and buckles. 

I have been describing the method of ramming monlds 
in curbs, but, as I well know, all shops do not have them, 
and must in consequence ram in the floor. Where such 
is the case {and a pit has to be dug where it is the most 
convenient) make snre that you dig back to good, solid 
ground, no matter how much extra time it takes. If this 
shonld be neglected, it matters little how much you 
ram around the bricks; tliere is groat danger of giving 
way, and the casting being lost. 80 that, considoring the 
risk you run, and the small cost of curbs, it will be readily 
seen that the safest method will in the end be the clieap- 
eat. Some have bricked pita, which are good for special 
work; but when yonr job is much smaller than the pit, 
and you must fill the extra space with sand, to be thrown 
out again, curbs would save money. 



HOW TO MAKE A CYLINDER WITH STEAM-WATS, FOOT 
L AKD END CABT ON. 

' My object in using the plain cylinder as the first Icason 
was that I might be able to fully explain the rudiments of 
the trade, as well as to give some idea of the use of mate- 
rials and tools required; and presuming that you are enfB- 
ciently well drilled to mate a plain casting in loam, I will 
now take up something a little more difficult to make. 
The task before you is chosen on account of the facility it 



LOAM-MO ULDISQ. 

offers for bringing into play principles which, if firmly 
grasped, will enable you to understand what yon are 
doing, aod qualify yon for work still more critical. 

Pig. 148 is ft sectional view of cylinder cut through at 




M It B, Fg. 148. 



You 

■Uitea 



B middle, showing the mode of muking the 
^--irill ohaerre that the end is cast on, whiuh 
anotber kind of bearing and cope-ring. 

Fig. 149 shows cope-ring with exteusion on front to caiTy 
tlie steam-chest (see that yon do not cover one of the bottom 
lugs when you place it on the seating). Sometimes it 
is necessary to lift the core of tins class of work, in which 



case a seatiug muat be struck as shown at A, Fig. 148. S 
shows lifting-plate witli etuda cast on to meet plate for 
bottom of core. C shows covering-plate with hook-bolts 
for securing B to C. Fig. 150 is a plan of plate C, show- 
ing holes for hook-bolts to come through, and staples for 
securing the whole to lifting-plate, D, Fig. 151, shows 
plan for same. As seen at Fig. 148, the beai'iug is first 
struck to jV, after which the flange is struck and cope 
built. Sometimes joa will haye to set the foot and chest 




to drawing, but, aa the pattern-maker is usually on hand 
at this Juncture, you will get along all right by his assist- 
ance; but a good plan, and one that insures absolute 
correctness, is to have a bottom flange made to rest on 
bearing at E, on which a frame can be constructed with 
four uprights tied by another flange on top; to this frame 
can be attached anything you may have to cast on the 
body. After centring the frame and securing it you can 
(by the use of a guide-stick reaching from flange to flange) 
build lip your mould; after which, when you have taken out 
the top flange and uprights, you can fasten your sweep to 
tie spindle and strike up the cope. 
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In building this cope on the foot side you will observe 
irons, which must resich from side to side to support the 
bricks above the foot as well aa to tie the small space 
below, and in all confined Bpacea place a few straws and 
bring them to the outside, taking care to carry all such 
vents np to the top when the mould is rammed up. At F 
'\s seen a plate which is needed to carry the overhanging 
brickwork. A beaming must be left all round the foot, 
against which yon place a core cake or plate when yoa 
close the mould. Don't forget the gaide aronnd the 




i 



"top; and cinder the joints of the bricks well. On the 



opposite side you will observe more need for care in secur- 
ing across and behiod the flanges. Suitable spaces must 
also be left for bolting back the core s and securing the 
vents. 

The covering-plate differs, as you will see, from the last 
one; as in this case the body core comea through, making 
it necessary to cast slots in the inner edge for the runners, 
as seen at Fig. 153, The inside diameter of top covering- 
plate, when swept, mnst be a little slack of the body-core, 
to insure it dipping on without damaging the mould. 
After the cope is lifted away, take ofE the finger which 
is screwed on the seating-board, spoken of in connection 
with bottom flange, and shown by dotted lines in Fig. 130, 
nnd sweep on the bearing the thickness of the inner 
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\ bottom flange with old sand, as before described. It 
well that yoE coyer the prickers of the bottom core- 

I plate C with stiff loani, and dry it in the oven before you 
oome to thJB point, so that it will be ready for use when you 
want it; care must be taken to keep the prickers clear of 
the places which must meet the stnds in plate B. In mak- 
ing the small plate B, have your atnda long enough to reach 
the face of core-plate C, allowing 1^ inches for prickers 
and J inch for loam. You now oil the email seating and 




Iiet in plate B, bed it down solid with no loam under; 
trick up finnly, bedding the bricks well down level with 
the top of flange, clean off tho core-plats C, turn it 
over, and see that it rests fair on the studs; after satis- 
fying yourself on this point, and observing the thickness of 
loam required under the plate, — which, as stated before, 
must not exceed ^ inch,— rub a little soft loam on the plate 
C, and bed down on a bed of soft loam, making sure that 
you touch iron and iron on the studs. You must now put 
on your nuts, and screw them finnly together. 



Fig. r52. 
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Auother plan is to cast unta in plate B instead of 
staples, and threading both ends of tim bolt. You now 
set the core-sweep and run up thecoi-esiB shown in Fig. 148. 
The top plate, D, is bedded on and screwod down after the 
core \& swept. By this metliod you are at liberty to close 
your mould either by lowering oope over core or lowering 
body-core in last, which is to be preferi'ed in some 
instances. 

Should it not be required to lift the core out, a method 
is shown at Fig. 153. As will be seen, tho bearing for core 
comes level with the top of thickness at A, by build- 
ing studs np from bottom plate level with bearing, and 
oaBting studs on core-pkte (to meet them) as much lower 
than the prickers as there will be thickness of loam. In 




this case you may build as much of the T)eanng as you 
need for building the cope, as shown by dotted line at 
B. When the cope is lifted away you can build the 
remainder of the bearing, finish, aud blacken. The bot- 
tom core-plate in this instance you may either ram up 
with dry-saud facing, or sweep it with loam level with the 
studs; after this is dry, finish and blacken, and, when 
turned over, rest it in its place, stud over stud. This may 
be bolted down through the centre when the spindle is 
withdrawn. You can now fill up the flange space with 
waste, and build the core. 
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In large cores, where bearing Bnfficipnt can be had to 
snpport the core with safety, the BtndB can be omitted; 
but be yei'y anrc beforu you venture on a core of this kind 
without them. 

It will be obBerved that this body core comes throngh 
the top plate; consequently it must be secured under 
the croBa before casting, in the same manner as directed 
for cope. Fig. 148 shows the whole set of corea divided at 
the centre of the exhaust; this is a good plan when 
the whole Bet would be too bulky. After the chaplet 
is set to the correct thickness the bottom half can be 
placed m and bolted back, after which tlie top half can be 
set to its place very readily, and secured in the same 
manner. Where coros can be thus mr.de, it ia far the best 
and safest; bnt when (as is often the case) you must have 
all the cores separate, be sure and have your prints a 
good length, retaining the thickness between the port and 
exhaust on the port core; by so doing yon will add 
strength to the port core, and make it safer to handle. 
Fig. 154 explains what I moan. 

For cores which are made Ecparately, have the irons 
bent to shape, and cast them into cast-iron prints, that 
will enter the core-box slack; the vent-holes must be cast 
in, also the staple for bolting back. Be sure in all cases 
to arrange your brickwork bo as to be able to get at your 
joints and veiita handily; and use pipes for leading away 
the vent wherever you can, as it is the safest. 
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I^PCOULDING m LOAM, FROM A COMPLETE ^H 
I W- PATTERN. I 

It is safe to say that if good loam -monld era were as 
nnmerona as good green-sand moulderH, failures would be 
less frequent; and also that Cftstings of a higher type of 
finish would adorn our engine-rooms and factories, as well 
as public edifices. There is undoubtedly a limit to the 
practicability of moulding in green sand owing to the 
instability of the materials used, as well as to tlie inade- 
quacy of such materials to resist the enormous pressures at 
work in moulds of considerable magnitude; and, conse- 
quently, we look in vain for a reproduction, in the casting, 
of the even surfaces and symmetrical curves of the pattern; 
for, from the above-stated causes, all evidence of previous 
design in the pattern is often entirely obliterated. In 
addition to this may be mentioned the extra labor which 
such imperfect work entails on the machinist at the parts 
which have been prepared for external fittings; also bored 
snrfaces, which suffer on account of the accumulations of 
dirt and scum, which always form in greater abundance in 
green-sand moulds than is tne case in either dry sand or 
loam. Examined from this standpoint, it becomes a ques- 
tion whether, in a large majority of cases, the loam casting 
is not the cheapest, exclusive of the fact of its superiority 
of finish over the one made in green sand. 

Critically speaking, we consider the limit of green-sand 
moulding to be reached when the moulder fails to accurately 
duplicate the pattern he moulds from. Just how far this 
limit is exceeded, from mercenary aud oth.!r motives, may 
be discovered by a careful survey of our public buildings, 
vhere a considerable percentage of cast-iron has entered 
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into their construction. To one acquainted with the tricks 
of the trade, it ia easy to find lifter and tool-marks in 
abundance; places where scabs and swells have been 
imperfectly removed with the chisel chu be readily traced; 
mouldings and fignres imperfectly finished; in fact, botch 
jobs in moat cases, for the simple reason that the founder 
bad attempted to accomplish on a Boft, yielding surface of 
green sand that which only a hardj unyielding surface of 
loam would have accomplished. 

Massive castings, which, if made in green sand, wonld 
be full of complications and intricate to monld, and, very 
often, for the want of ability, nnsafe, become in many 
instances comparatively simple jobs, aud easy of manipn- 
lation if made in loam, requiring less intelligence, as a 
rule, tu make both a safe mould and a creditable casting. 

To meet these emergencies, dry sand is sometimes 
resorted to; but this method also has its limits, either 
hecauBO the several parts needed for the coustructiou ol 
the mould cause undue expense, or the casting, if too 
ponderous, would require flasks too large for safe handling. 
To obviate this latter difficulty, recourae ia frequently had 
to bedding in the floor, using dry sand materials for its 
construction, and drying the monld where it is made with 
improvised ovena or fire-pans; but as this is only a make- 
shift, and not unfrequently a poor one, we shall not dwell 
upon it. 

I am willing to admit that very many of the heavy 
castings required for mill aud forge works, building pur- 
poses, and all such as call for strength only, may with 
propriety be made in green sand; but when along with 
strength beauty must be combined, then look about for 
the best method to meet the dual demand, and, when all 
the pros and cons have been gone over, I conjecture that a 
loam mould will be decided upon as the safest and best for 
the job. 



UfLOAM, FROM A COMPLETE PATTBRK. It! 

To most moulders tlie idea of making a piece in loam 
when the entire pattern is supplied seems ridiculous; but a 
little coiisi deration of the superior advantages offered by 
this method will soon diapel this illusion. Again, how 
often we see castings made on end in loam, at great risk 
and mnoh additional cost to the founder, simply because, 
perhaps, one tenth of the outside mould can be swept by 
the spindle; when, if a few lags had been attached to the 
patterns (which must be made in any case), an entire 




]tattem would be obtained from which to mould on its flat 
in such position as would best meet the several require- 
ments of the job. 

Many founders object to loam work becanse of their 
limited oven space, forgetting that increased facility in 
that particular would enhance their ability to accomplish 
larger and better work, and thus secure to themaelves a 
more extended patronage. 8el f- interest ought to suggest 
the propriety of being able to make the finest castings, 
and. having once secnred that reputation, there need be 
no fear for their succeBS, Another objectiou is that too 
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much floor-space U required for its production ; this objec^" 

tion can, I think, be easily disposer] of, as in most ciiecs 
jobs which, if made in green saud, would cripple the shop 
for ditya or perliups weeks, might be built in loam some- 
where aside and oouveuient to craiie and oven, floor-space 
only being required to pit and caat the mould. 

No good green-sand moulder ueed ehrink from the task 
of moulding in loam; for, rest ueEured, the difficultieB are 
only apparent. It is not by any mciins hard to make excel- 
lent loam -moulders out of such aa are well skilled in green 
sand, simply because tlicy have become accustomed to coo- 
struct moulds out of miiterial far more yielding and flexible 
than that with which the loam-moulder works. There is 
a decided difference when the opposite task is attempted: 
the loam-mouldor soon discovers the hick of rigidity iu the 
Band compared with the dried loam he lias been accustomed 
to, and invariably retires in disgust. 

I will now endeavor to |>oJnt out the main features in 
the construction of a first-class loam mould. First, decide 
at what parts of the pattern tlie several divisions must be 
made in order to an easy seitanition of the walls, due atten- 
tion at the same time being paid to the closing together of 
both outside walls and internal cores. Choose the best 
method of pouring, and arrange for giites in the brickwork 
or plates, or both if needed. Calculate your ability to 
transport the parts of the mould, and build accordingly. . 

In making platfs for carrying the several parts, observe 
the very important rule of having them strong enough, and 
arrange lugs and lifting staples in such order as will secure 
an even distribution of the weight. When practicable, have 
all core-irons of sufficient strength to resist upward pressure 
when secured at the ends. This, of courst^ necessitates the 
casting of lugs on all plates at such places as will best meet 
this requirement. Study tu avoid as much as possible the 
use of studs exposed naked to the iron, always preferring 
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to make a aafe job by some other method, even at the 
expoiiae of a little extra time; by the exercise of a little 
iugenaity in this diri?ction seriona flaws in the aistiug may 
"ten be preTonted, 

The nccorapanyiiLg drawings and views represent the 
rater end of a high-duty pumping-engine, snch as are 
ide by the firm of Henry R. Worthington. Fig. 155 is a 
stional view, and Figs. 15G and 157 are end elevationa. 





j^od: 



The casting weighs from 8 to 10 tons, accnrtling to thickness. 
Castings of this class call for a high degree of finish, iiiiis- 
nnch as they are exposed to view, whilst the steam-cylinders 
usually covered with ornamental lagging. 
A careful study of Fig, 158 will be all that is needed to 
fully understand the mode of procedure in the early stages 
of this job. The entire pattern is seen to rest on a bed of 
loam spread evenly over a course of bricks (previonsly laid), 
immediately underneath it. This course of brinks is set 
back from the edge of the pattern to allow Imim sufliGiont 
with which to form the joint A along the bottom fiange. 
Flange B aud snetion-chamber C'aru detachable from the 
ly, as are all ribs, braokets. hubs, etc. 
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The arrangement la to Imild the bottom half of both ends 
^^^ as permanent atrurtnres on the foundation-plate, aq seen at 
^^Li), Fig. 158, and A, Fig 159, where in both caeca only a 




portion ia shown aa bniR. The separation ie made central 
with the prints E, Fig. 158, and B, Fig. 159, the building be- 
ing continued on the lifting-plates F&wA 0, as shown in the 
respective flgnres. Hook bolts, set in the staples shown, 
serve to bind these walls firmlyto the top plates after the 
manner seen at 0, Pig. 158, and D, Fig, 159. 




flange, and the brickwork continued above in snch form as 
will permit of easy acoeae to the branch when the mould ia 
closed. The method for lifting these ends is clearly shown, 
and it will be noticed that Fig, 159 is a reversed view of 
Fig. 158, which allows a full representation of each end in 
preparation, as well as completed. 
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ObBerre that, as the ends are bailt, the joint against 
which the sides abnt must be formed, strict attention being 
paid to the uecessiiry taper for easy separation. The eidea 
are sliowu as built up to the flange in Fig. 159, the method 
of carrjing them being in all reapiicts similar to that shown 
for tl]e ends. Plate /, Fig. 159, reata on a loam bottom 
against the lower joint A; bolts at the staples shown con- 
nect with plate E, Fig. 169, in which plate-handles are cast 
for lifting, as seen at A, Fig. 160, This figure shows the 
whole arrangement in section. 

As seen at G, Fig. 159, and B, Fig. 160, another joint is 
here formed, and the building continued up to the top of 
Buction-chaniber 1, Fig. 159, and 0, Pig. 160. Plates anch 
as shown at F, Fig. 159, serve to carry this brickwork, and 
are secured, as before explained, hy bolts to the top plate, 
as shown at Figs. 159 and 160. In order to a quick separa- 
tion of the parta when aU is built, hiive the platea F, Fig. 
169, covered with loam, level witii the prickers, and dried; 
the dry loam will absorb enough moisture from the soft 
loam upon which it is bedded to admit of almost immediate 
sopai-ation. To form the mould over the suction-chamber, 
lay thin bars across from pier to pier against each coarse 
of brick as they are being laid (on aoft loam), as seen at J, 
Fig. 159, and D, Fig. 160. The top plate at J, Fig. 159, is 
ont midway to expose this method in section, wliilst at Fig. 
160 the bar is seen resting on the piers. 

Enough of detail is ahown in these i 11 nst rations to give 
a clear understanding of the whole process of moulding 
Bnch a casting in loam, and renders any further explanation 
enperfluous. As before stated, all the parts being detach- 
able, such as would interfere with an easy separation ot the 
mould are, of course, to be loosened and allowed to come 
tway with the cheeks. 

After marking al! the joints, the ends are lifted away; 

KJnthe top separates at fi, Fig. 160; after which flange By 

\ 
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Fig. 158, is lifted out, the sides taken away, and the pattern 
withdrawn. The portion of flange which extends past the 
end at K, Fig. 1.59, is made loose, built in the end, and 
drawn ont after the pattern has been lifted out. 

The Inga ehown on the ends of the fonndati on -plate can 
be utilized for bolting down the body core, and should it 
be thought necessary to hold down the middle, have holes 
in the core-iron to correspond with other boles in the 
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fonndation-plato directly in line with the centre of one or 
more of the valve-cores, throngh which a bolt or bolts can 
be passed and thus secured. 

These instructions are given, not only to show how to 
make this particular casting, bnt alao to lead the minds of 
the uninitiated in the direction for grasping the under- 
lying principles which govern the art of loam-moulding, 
which, if rightly understood, as exhibited in this esample, 
their application to other classes of work becomes easy; 
for, with very slight modifications of the methods herein 
displayed, almost every emergency may be successfully met. 
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. TO MOULD KETTLES AND PANS IN LOAM, WITH 
FULL INSTKUCTIONS FOE CASTIKO BOTTOM 
UP OR BOTTOM DOWN. 



I 



Fia. 161 is a soctional elevation of an 8-foot kettle. If 
inches thick, showing the cope closed over core, 

Id commencing a job like this, let particular attention 
be paid to the eelection of a foundation-plate, making anre 
that it is strong enough to lift the core without upringing. 
If the plate is plain, as shown at A, it should be at least 3 
inches thick; but should you Imve to make one, let it be 
after the design shown at B, and 2 inches thick. The sweep 
first used forms the core, strikes tlie bottom of flange, also 
the seating or guide, and bearing for copo-ring. Build the 
core with open, coarse mud, keeping the bricks well apart 
to allow the air to pass freely from tho surface. Use half- 
bricka on the upper course, crossing the joints all along, 
and pntting in a tie-course here and there, as shown at C. 
After the bricks are all laid, clean them oS well, and 
•crape down into the joints. This will help to hold the 
loam firmly to tho bricks. Use your loam soft, rubbing it 
well on the bricks, and sweeping off as yon go around. 
For the finishing or skimming coat it is best to use the 
same loam, sifted fine. Your loam being bard onoagb, 
take oft the thickness, strip, and strike on the thickness, 
which is done thus: Have some old sand, at the regular 
green-sand temper, sifted fine; start at the bottom, ram- 
ming it on hard with your hand, using tho sweep carefnlly 
■o as not to drag down the sand. After you have struck 
on the thickness of sand, dampen a little and stick all over, 
leaving it clear of the sweep about ^ inch, taking care to 
trim the corner of fliinge by pressing it down all around 
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with your trowel, so aa to insure a sharp edge when you 
ekia up. 

It is well to make sure of enough eklnning loam before 
you commence, as there is no time to be mixing more 
(should you be short) after yon have once commoncod, on 
account of the old sand absorbing the water so quick and 
leaving the Burface hard; it must therefore b« finished at 
the first pass round, if possible. 

When the thickness is hard enough to work on, oil all 




orer and throw on parting sand. You now set on the oope- 
ring, and commence to build the oope, as shown. It will 
be observed that two ways of building the cope are ehowti, 
— one with building- rings, and the other all brick. By 
placing rings as shown at D, E, and F, and packing 
between thum, as seen at Q and //, jou can hind down the 
mould as soon as it is closed, packing under the cross at / 
and J. This I consider the best and safest plan. 

But you can build jour mould, as showu, without rings. 
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\.iti which case more care is required in the mmmiTig. 

II you have rammed the monld as high as shown at D, 
a plate must be bedded on the aand, taking care that it is 
good and solid nuderiieath. Paciiing must be placed on 
this plate in suitable places for wedging under the cross. 
After ramming a littio above the top, another plate must 
be bedded down clear of the rnnners, and both firmly 
bonnd down with the cross or biDders. The gates and 
riser are shown. The riser being on the top, a sufficient 
nnmbor of j-inch runners, to run the monld full at a lively 
rate, mast be arranged around it, forming a circle about 
30 inches diameter. 

Do not keep the riser open when you cast, but after 
making your basin for the flownsff, fill it with a«ft straw or 
hay, and place over the hay a dry brick or two, or a piece 
I of core to keep it down. This answers a good purpose, 
inasmuch as it does not prevent the gas from escaping 
from the mould ; but it does prevent that msh of expanded 
air which, when the riser is left open, so often damages the 
crown of the kettle. 

Another important matter is to carry off the gas from 
underneath a hollow mould. T have tried many ways, bnt 
prefer the one of making a gutter or trench from the 
centre of the pit to the outside, in two places, opposite each 
' other if possible. Let the gutter run on a gentle slope to 
1 the centre. Should the mould be rammed in the pit, con- 
nect these gutters with pipes leading to the top, and juat 
before you cast pour down a little iron so as to reach the 
centre. This warms and expands the air inside and 
creates a draught, along which the gas from the core will 
travel safely. 

One great evil of which I would warn moulders is the 
placing of a great quantity of ahavinga and wood in the 
trench and along the bottom. 

These taking fire instantly throw such a sudden heat op 
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to the brickwork as to expand the core and loosen the 
loam. The consequence is a badly seamed core; or, as I 
have seen more than once, the casting is lost altogether. 

When lugs, eyes, brackets, etc., are to be cflet on the 
ontside they may, in many instances be rammed up in a 
core anil the core built in at the proper place ; but if the 
pattern must be bricked in the cope, let the thicknesH- 
Bweep be nicked at the height required ; this leaves a mark 
all round, and it is then easy to set oS to right position, 
according to drawing. 

TO MAKE A KETTLE BOTTOM DOWN. 

H rig. 162 is a sectional elevation of lead kettle at half Its' 
'■* diameter, and shows at a glance the method of building 
cope and core. The branch core is seen secured by chap- 
lets, with core-cake closed on at the end. The engraving 
represents a kettle 7 feet 6 inches diameter, 3 feet 9 inches 
deep. A strong foundation is required for this job, as a 
great weight is to be carried, the brickwork, as shown, reach- 
ing to the outside all the way up. The first sweep used in 
this case forms the outside, on which {when hard enough) 
the thickness is swept. Let the brickwork be very open, 
and nee plenty of cinders, leading a vent to the outside 
-om every course. This serves to carry oS the steam 
'hen drying, as well as to give vent to the gas when east. 
At A is seen the bottom plate of core, which, when 
made, care must be taken in pushing in the prickers, so as 
to have them the correct depth and position. The staples 
must be set so as to come directly under the inside lug of 
covering plate, as shown. This plate, when made, must be 
turned over, and the prickers packed with cinders to about 
3 inches from the point, loam and brick filling the rest. 
,you now dry this, after which it can be cleaned oft well, 
that no soot clings to it, and if (as stated above) care 
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haa been taken to keep the form of bottom, it will be easily 
budded on ubout J inch of soft loam, which must be spread 
on the thickness. Lay your bricks aa Bocn until you come 
to plato li. A glance at the engraving will be sufBcient to 
Bhow why the rings B and C are nscd. The broken line 
^ shows that most of the core to be built hangs past the 
plate -']. The inner edge of ring B, being supported by 
plate A, cames the brickwoi'k up to ring G, which, being 
supported by ring B, carries you past the curve, where the 
core is almost straight, and there is no need for further 
Bupport. These rings can be cast thin, and bedded down 
on soft mud. A plan of top covering plate ia shown at 
Fig. 164, leaving out the four luga to which centre ia 
attached, and the two swivels which are shown for another 
purpose, aa will be seen further on. The only luga 
required in this case are the four inside, for bolting core 
up to, and the four outside, for lifting- 
Two methods are suggested for the top plate. One is to 
dry a thickness of loam in the pricker, and bed down on 
soft loam on the joint, and over the brickwork of core at 
the same time; tliia is the best plan, as it insures absolute 
correctness of fit. The other plan is to strike top of core 
level with outside joint, and after the covering plate is 
swept with the spindle and dried, it is turned over and laid 
on. Let the covering plate be cast strong. The one 
shown has flanges cast on both inner and outer edges, and 
makes a good plate out of the same quantity of iron which, 
if cast into a plain plate, would be naelesa for the job. 
Before screwing bottom and top together, let studs be set 
in between, as shown at F, and take care they are not too 
tight before you screw up, as you require to have a good 
grip on the mould. This core may be finished overhead 
and set into the oven in the same position, saving the 
trouble of rolling over. 
The method described serves well where the kettle has 
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branches or lugs cast on, and when tbe order does not 
exceed one or two. But should there be an order of plain 
kettles to make, tbe cope may remain rammed in tbe pit 
after the first one is caat, by securing a centre to the 




bottom plate at G, sweeping it up where it rests, and dry- 
ing with a good flre-pau. 

The plan for top plate in this caso is seen at Fig. 164, 
and includes, in addition to the lugs for bolting core to, 
four others, to which a centre must be bolted, aa shown, 
and Bwivela for turning over by. 

Fig. 163 shows top plate with centre attached, set on 
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stands, with spindle and core-sweep in place. This centre 
remaiuB a fixture. Let the core be built after the manner 
Biiown at Fig. l&'i, and firmly bolted. If strict attention is 
paid to the bolts at every cast, and the core lifted from the 
casting before the shrinkage comes on, you ciin make a 
great number of kettles from these moulds; and because 
with the fixed centres jon have nothing to do but clean oil 
well, and sweep off at once, they can be made very rapidly 
and cheaply. In fact, it is neither more nor less than an 
extemporized casing. 

Good kettles can also be made from a core made in this 
manner substituting a green-sand bottom for the one in 
loam. But it would not be well to drop the iron from the 
top in this case : better to set one or more draw-runners at 
the bottom, as shown at broken liues. Fig. 163. 



CASINGS FOR KETTLES AND PANS, AND HOW 
TO MAKE THEM. 

It sometimes occurs that large numbers of kettles are 
ordered of one siae. It becomes importunt on such occa- 
sions to have the best system of making them, in order to 
make the job pay, as well as to make them rapidly. In 
the case of such as are plain, and that do not reach a full 
Bemieirclo in depth, thoy can be made very easily in ciisings, 
which saves both bricking of mould and ramming in the 
pit, enabling the moulder to make a pan in very short 
order. Fig. 165a shows section of casings for cope and 
core, closed and ready for caating. 

The mould shown represents a 7-foot 6-iiich crystallizing 
cona 3 feet 5 inches deep. These casings can be swept in 
loam and cast about 1 inch thick, with holes about every G 
inches all over them. These holes must be J inch and 
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f inch at ends, and mtist be placed with the small end oiit> 
wards, eo that the loam will wedge fast iu them, and pre- 
vent their bursting ont when the ii'on is poured in. 

An allowance of from f inch to 1 inch muat be made for 
loam on the body and bottom of flange; the bearings and 
guides will do with leas. Observe at A, Fig. 168, a projec- 
tion is cast on cope casing; this serves to hold up the loam 
■when it is turned over, and must be made as deep as pos- 
— Bible. At Figs. 166 and 167 are seen the arrangement for 
I spindles and sweep. The socket on the core casing is in- 




tended to be a fixture, but that on the cope requires to be 
taken oS each cast. 

The swivel is also shown at A, Figs. 166 and IGG, and at 
Pig. 166 the horse is shown on which the cope is to be 
turned, and serves as a rest while it is swept up. Let the 
face of casings be prickered as shown, so as to bind the 
loam more firmly to them. Lugs may be cast on for lift- 
ing purposes. If convenient, have both casings rest on 
the carriage whilst they are being swept, and have them 
warm when you commence. After roughing on the first 
T.coat let them be dried, and should it be inconvenient to 
^iTiiu both moulds into the oven, the cope can be dried by 
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suspending a large kettle fire in the inside and coTering 
over with sheet-iron ; this method will soon dry it. Before 
patting on the finishing coat have the moulds well cleaned. 




and use your slip thin, and be sure to rub it well in, for 
should there he any slack places, scabs are sure to ensue. 
After the sweep and spindle are lifted from the core, a 
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loam plag can be inserted into the bole at the orown, as 
seen at B, Fig. 165*. Shonld your apindie for the cope 
be about from 3 inches to 3i inches, the hole left by such 
spindlo would nerve as the runner, taking care to cut a 
large fillet round it; this allows the iron to escape more 
freely into the mould when the kettle is thin. 

At C, Fig. 165a, is shown the method of clamping the 
moulds together to cast. Should you have to cast on the 
floor, you must set down on packings 10 inches high. Let 
the top of your rumier be not lesa than 18 iuehes from the 




F the pan, and in easting be sure to keep the run- 
ner full from the beginning. It is important that shavings 
be placed all around underneath the casing, and have them 
blazing when you begin to pour. As you must lift the 
casting from the casing as soon as it is safe to do so, on 
account of danger from shrinkage, it is important that 
everything should be in readiness for quick wort. To that 
end arrange your runner bo that it can be tapped. After 
clearing around the gate, and the clamps are all off, hitch 
on to the swivels. 

I have shown at Fig. 168 a handy method for lifting the 
casting. When the bottom of casing ia hoisted as high as 
the bottom of the flange, clear away the loam and insert as 
many of the doga (shown at B, Fig, 168) as will lift away 
the casting without warping it ; screw these firmly to the 
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casing, and the casting will bs lifted as you hoist off. If 
you should not have a suitable iron trnck to load on to at 
once, the casting had better he lowered on weights levelled 
for the purpose. As an extra precaution, when the pan is 
very thin and deep, the form of the inside casing may be 
made as shown by broken lines at C, Fig. 168. But when 
the casting is shallow, and a reasonable amount of speed 
be made, there ia very little danger from shrinkage. Some- 
times the outer casing can ho rigged so aa to make a 
smaller pan than it was made for, by securing a ring around 
the inner edge at A, Fig. 168, to carry the necessary 
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'Tbrickwork. When such can be done a great saving is 
effected, as all that is required is to clamp down firmly to 
the ])lat0 which carries the core, and in all other respects 
proceed as directed when core raising is used. 

Fig. 165b shows how to make a casing when logs and 
brackets are to be cast on. In this case I have done away 
with the gni de-bearing, simply sweeping the outer guide, 
as seen at A. The bottom plate for core may be cast 
separate from internal casing (in open aand) and bolted 
together as shown by broken lines at 0. A little different 
arrangement of swivels is here shown, it being just as well 
to attach them to two of the brackets. Core forming the 
bracket is shown in plan at D, and in elevation at E. Bear- 
ings for the cores can be swept with core sand in each pocket 
to the correct height at F. It will bo seen that space is 
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allowed all round the core at G, into which (when the 
cores are set) sand can be rammed hard ; but should this 
be insuflScient to hold tip the core, hook bolts may be used, 
as shown at //, the holea being cast or drilled into the 
casing for the purpose, I have no hesitation in saying the 
very best work can be done in caaings, and pans from ^ inch 
to 6 iuchee thick can be made without a flaw, when proper 
care is taken. 
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[OTTLDING CONDENSERS, TANKS, HOT-WELLS, 

CISTERNS, ETC., IN LOAM. 



The castings enumerated above vary considerably as to 
size, shape, and thickness, some being square, others ob- 
long, whilst again others are made in the form of an L, 
etc. Such work is required principally bj firms whose 
business it is to build marine and stationary engines, and 
as such firms invariably have foundries of their own, it 
seldom finds its way into the jobbing shops. Not unJre- 
quently the latter firms, should they receive an order for 
anything in this line, will sublet it to some engine-shop, 
believing that such work is too difficult for them to risk 
their money upon. 

There are large numbers of loam-moulders of consider- 
able experience with the spindle and sweep who would 
hesitate to start on this claes of work without some previous 
instruction. It is in part for their benefit that these di- 
rections are offered, although, as will be discovered farther 
on, they are eminently adapted to the student as well. 

By taking a square tank or hot-well, 4 feet 6 inches 
square, and the same in depth, and showing how to mould 
it, we shall master the principles which, with slight modifi- 
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cations, will enable us to make uuy of the above-mentioned 
castings. 

Fig. 169 illustrates the foundation part of this job, when 
it is intended to cast the bottom of the casting uppermoat 
in the mould; the frame B, from which ttie cope and core 
are to bo formed, rests upon the prepared seating C This 




Die is all the pattern needed for moulding such a casting 

re in hand. 

Fig. 107 is a sectional elevation of the mould when finished 
and closed together. The foundation plate A must not 
be less than 2 inches thick if it is made plain on both 
sides; but if a flange ia formed all along the outer edge 3 
inches deep and \\ inches thick, the plate will answer if 
made 1\ inches in thickness. The latter is the beat foun- 
dation-plate in al! casea, especially when cross-ribs are 
added iiiCcording to the strength required. 



It will be seen that this plate is made largo enougli to 
allow a 9-ineli wall being bidlt on all sides, aud in this caae 
a 12-incli hole is left in the centre at D, (It will be well 
to refer to both figures, us the lettering is the same in 
each.) 

It may here be observed that it is not necessary to use 
a spindle and centre to mould this casting; two straight- 
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Fig. IJO. 

edges may be set to the correct height, and the bearings 
swept off direct with a third one. Shonld there be a 
spindle, then a parallel sweep may be used for the purpose; 
in either case the directions given will serve. 

After the fonudation-plate has been set down level, 
begin by setting thereon one course of brick all over, as 
shown, on which a bed must be swept to form a bearing 
for the cope-ring E. When this has become hard enough, 
centre the frame and mark ofE its outline, then build an- 
other course of bricks inside the line, allowing for a thick- 
aeee of loam with which to form a joiut or guidoj as seen 
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at C, FigH. 169 and 170. The bed swept on this coui-ee of 
bricks forms tbe bottom of the mould, and it is on this bed 
that the frume is seen to rest at Fig. 169. When forming 
this gnido, be sure to give the requisite taper for qnick 
clearance. 

The best method of separating all such joints is to brnah 
oil over the surface and sprinkle thereon a little parting- 
sand. When this is done, bed down the cope-ring, as seen 
at E, Fig. 170. 

This ring must bo strong, with the lugs made to corre- 
apoiid with those on the fonudation-plate, as shown at 
Fig. 171. 

Before commencing to build the cope, brush a little oil 
over the frame, to prevent the loam from adhering to it ; 
and in laying the bi'icks, observe the rule to keep them half 
an inch back from the surface of the mould. Thestriekle 
for sweeping out the spaces will serve aa a guide in build- 
ing. 

As shown at Fig. 170, the brick-work is continued as far 
as F, at which place a binding-ring is set on. This ring 
Herves two purposes: it prevents the mould from splitting 
■when it is being lifted, and also stiffens the wall sufBciently, 
in this case, to prevent damage from ramming. When the 
walls are deeper or longer than those under consideration, 
more of the binders are needed ; and it may be found 
necessary, in some cases, to still further strengthen them 
by bolting the upper to the lower plates, as seen at A, B, 
and C, Fig. 172. 

The remaining conrses of brick over the binding-plate 
are set so as to leave half an inch for loam, with which to 
finisli the walla true to the top edge of the fi-ame. When 
this has been done, and the spaces swept off as correctly ae 
possible, the frame must be withdrawn and the cope lifted 
away. 

After replacing the frame, proceed to build the ODie 
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after the manner shown at Fig. 170. Form n 9-inch course 
along the ontside and a. circle flt the centre, correBponding 
to the hole in the foundation plate, which is 12 inches, and 
eet in fanlvt'S and pieces of brick between. lA'ave wide 
spaces for fine cinders to be packed in; this forms a con- 




Fifl, 171. 



tinnouB vent from circumference to centre at each course 
of bricks, all the wiiy up. It in best to bed all the bricks 
on mud, and (excepting next the casting, use no more than 
is necessary to give a firm set to the bricks; this, in con- 
junction with the cinder piicklng, gives solidity to the ooi*, 
imd enables it to withst4ind the pressure exerted ftf!U.n^ 
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I the fii<]eB wlion the Tnould is poured. Again, theBQ cinderB 
wiU be found eerviceable wlien you dig out the core imme- 
diately after casting, wliich would require to be done in 
this case if the tank was under J inch thick. But the one 
under consideration being one inch in tliicknesa, there is 
no danger on account of shrinkage, if the instructionB are 
faithfully followed ; especially remembering to allow wide 
flpaces between the bricks endways of the walls of the core. 

The 13-inch hole left in the middle of the core will be a 
great help in drying, if the hole in the centre of crown- 
plate be left open, which it must be, until the mould is 
placed in the pit for closing; it can then be filled with 
brickbats and cinders up to the plate at 6, and then fin- 
ished by inserting a dried plug of loam. 

The crown-plate H, for a job of this kind, would require 
I to be I inch thick, and 1 inch clearance on all sides. The 
prickers seen are 3 inches long. Let plenty of holes be 
oast in the plate to allow the gas from the upper surface to 
pass freely to the centre of the core. To do this effec- 
tively it is best to rest only 6 inches of the outside of the 
plate on mud or loam ; this will serve to hind the core, the 
rest will do of fine cinders. The connection is then made 
by filling more cinders amongst the prickers to the depth 
of an inch, and if the casting must be run on the crown, 
as is Bometimes advisable, cover with the regular loam mix- 
ture, pressing in dry hrickbate to absorb the moisture. 

In very thin bottoms it is always best to run on top, 
spreading the gates from the centre, as seen on covering- 
plate. Fig. 171. In the event of mnning all the iron down 
the sides, as at /, Fig, 170, the loam for the crown should bo 
made very open and weak, water, in some instances, being 
preferable to clay-wash for making the loam with; for, 
should the surface be close and hard, the metal will some- 
times refuse to rest on it quietly, and then bubbles ensue. 
After striking out the top and aide spaces as before di- 
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rected, and after the core has hardened well, take ofl the 
frame and finish in the ordinary way. 

The covering- plate for this job is shown in section at J, 
Fig. 170; it is also seen in position at the view of closed 
mould. Fig, 171. Any further explanution of thla plate, 
other than is to he got from a study of the views luea- 
tioiied, would be superfluous. Suffice it to aay, be sure to 




have it strong enough — in this instance not less than two 
inches thick. 

To prepare this plate, it may he either swept with the 
spindle or struck off to straight-edges, diy-sand facing be- 
ing rainined on it rather than loam, as the latter leaves a 
hard surface, against which the metal does not always rest 
kindly, as is the case when the former-mentioned material 

Fig. 171 fully explains the closing and securing of this 
mould; one of the four slings is seen in position, also one 
set of packings under the cross. When all four sides are 
packed thus, eiglit places are caught instead of four. By 
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adopting this method the plate is prevented from spring- 
ing. Additional props can be introduced at any other point 
where it muj he considered advisable, either singly or by 
the combination shown. 

To carry off the gas generated in this core when the 
monUl is poured, let a trench be dug, 12 inches wide, from 
the centre of the bed on which the core ie to rest, to the 
walls of the pit. HiiTe this trench filled with cindera or 
ashes, and connect with a pipe, which will reach the top of 
the pit, if the whole pit is to be rammed; bnt if cnrbs are 
used in which to ram the mould, escape for the gus may be 
provided for by leaviug the end of the trench nucovered. 
There is absolutely no danger of an explosion with a core 
bniit as herein directed, and the treuch prepared as above. 

So far we have only been moulding a plain casting; we 
will now inquire into the mode of procedure where branches, 
flanges, brackets, etc., are added. 

Sometimes internal flanges are required, as at K, Fig. 170. 
These must be made loose, and set to place when the frame 
Iius been set back on the bed to build the core. In the event 
of such flange not exceeding three inches wide, a course of 
bricks, laid endways over it, will be all that is needed to 
carry the wall above; if wider than three inches, lay an 
iron rod alongside each brick, of a length sufficient to act 
as a counterbalance to the weiglit over tlie flange. 

In the case of a plain casting it is unnecessary to bolt 
down the core, but when flanges are introduced as de- 
scribed, an anchor of some kind is indispensable. For all 
ordinary cases the method shown at L will answer the pur- 
pose, but should the flange be required of extraordinary 
width, the increased pressure at that part would necessitate 
extra precautions to resist it, otherwise the core will rise 
and the casting be lost. In such a case the bottom bed 
must be stnick wide eTiough for the flange, a pattern for 
which can be dispensed with by simply making a tempor- 
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ary frame, as bigii us tho tbicknesa of flange, with which to 
form a bearing for the cove ring- pi ate. 

This covering-plate must be prepared to set over the 
flange when finiaheil, and bolted Beciirely to the foundation- 
plate, through holes cast to correspond with each other in 
both plates. 

W hen bi-anches, brackets, etc., are to be cast on the tank 
or hot-well, the patterns of such may be secured to the 
frame by inserting a cross-bar on which to screw them 
fast, then build around in the regular way. Fig. 172 shows 
tbi'ee branches, D, E, F, drawn for the purpose of explain- 
ing as many different methods of setting in the core and 
covering- cake. In all three it is seen that a gnide-bearing 
for the covering-cake is prepai^ed true to the face of flange; 




this bearing may be a part of the pattern, or it may be 
swept by a strickle, kept in position by a centre pin. 

At D the covering-cuke is first set up and made fast;, 
the core is then to be pushed through until the end is 
firmly fixed into the seating prepared for it in the body 

At fithe covering-cake and core are in one piece, whilst 
at F the core is supposed to have been centred by chapleta 
or studs, and the covering-cake slipped on last. All of 
these methods will be found equally applicable according 
to the circumatancea which govern the job in hand. 

If a branch be required on the bottom of the mould, it 
will be found easy of accomplishment if the method shown 
at G, Fig. 172, be adopted. It will be seen that the space 
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betwixt the flauge and the body of the casting is blocked 
out, and a core inserted to form such apace. This core 
may be secured in many ways, but the one shown, bolting 
to the foundation-pliLte, Is the safest. 

When brunches come on the top, the method illustrated 
at Fig, 173 will be found the most simple. Have the bole in 
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the ooYering-plate made large enough to alip oTer the flange 
of the branch easily (this obviates the breaking of the cov- 
ering-plate), and when this has boon swept, finished and 
dried, let it be turned over and set on the joint of the cope 
before it (the cope) is lifted off the seating; the pattern 
for the branch in the mean time having been secured to 
the fmme by means of the cross-bar allnded to above, and 
propped underneath. A few cranked irons, as seen, will 
serve to carry the loam and bricks, witJi which the wide 
apace ia filled, over which the building can be continued to 
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^e top. If for auy reason it should be required to turn 
3 top plate over again, thp brickwork round the branch 
can be secured to the plate, by using another plate made 
to rest thereon, with lugs A having holes cast in to corre- 
spond with staples B, cast in the covering-plate, and by 
this means binding all together with hook bolts. 
\ Before lifting off the covering-plate, let guide-marks be 
'made, to insure the correct closing of the mould. 

To make this casting with the bottom down, as seen at 
Pig. 172, we must make au entire change in the methods 
of working, as will be observed if the figure is studied care- 
luUy. 
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In this ease, when the cope or outside has been built and 
lifted away, the bottom of the mould must be swept oil and 
tiuished, and when this has sufficiently hardened, a bed of 
Blind, equal to the thickness reqnirod, mnst be rammed 
over it; also, lot the bottom -plate if be prepared and dricil, 
after which it is tnrued over and laid central on the thick- 
nese. The frame is then replaced for building the core. 
As seen, this core is not built solid; a 9-irich wall will serve 
the purpose, if binding- plates are set in, as shown at 1 and 
These binders itre needed to help resist the pressure 
irhich comes against the walls when the mould is cast. 
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In larger castings it is iuipoifcant that greiiter strength be 
iinpartt-'d to the walls. Tliis may bu done by bolting tiie 
binders togethiT, fia at A' and L; and in the case of very 
extended eiirfacua it will be necessary to prop each side to 
its opposite, by an arrttngenn^nt of studs or joists, firmly 

Ivudged in. 
In some jol>s it is possible to obviate very much of this 
bolting and staying, by building an inside course of bricks 
ts ft true circlo, and filling in the comers with open bricic- 
ITDrk and cinders, as shown in plan at Fig. 175. 
Tlie lifting-staples, two of which are shown at ^and N, 
EU-e set to Gomo under the holes cast in the inner lu^ of the 
covei'ing-platc, a plan of which plate is shown at Pig. 174. 
The core is to remain resting on tlio thickness, until the 
r-whole mould is finished and dried; the cope is then closed 
■flver the core, the covering-plate bi'ougbt into position, and 
the core firmly bolted up to it, Tiie whole is then to he 
Elifted off the seating by hitching to the cope-ring, and when 
Vthe sand thickness has been removed, lowered back in its 
■place. 

It will bo readily seen that, to make these castings in the 

ner treated of last, all the plates and rings must be 

e much stronger than is culled for tn the former case, 

scause the covering- pi ate sustains the core, the cope-ring 

must lift cope, top-plate, and core, and the bottom-plate 

md cross must resist a pressure equal to four times the 

BlHnount exerted in the former instance. 
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TO MOULD A SCREW-PROPELLER IN LOAM. 

The raouldor who lias never Been a propeller -wheel 
made has, no doubt, often asked himself the question, 
IIow IB it done? 

In explaining the method which I believe to be the 
best, I shall confine myself as strictly as possible to the 
moulder's share of the work; for it must be understood 
that the piittern-maker comes in for the lion's share of 
the credit in making wheels, and any moulder who should 
be called on to try his 'preut ice-band on this Job will do 
well to remenxber this, and keep on comfortable terma 
with him. 

I have chosen a three-blade wheel, 10 feet diameter, to 
make, as it enables me to give a better perspective view 
of the work as it progresses. Let the foundation- plate 
A, Fig. 176, be 12 feet diameter, resting on firm ground, 
and begin by striking the bearings B and C, Fig. 176, 

The sweep for striking these bearings will bring the 
bottom of the hub high enough to allow the blades to be 
built. As the hub in this case is about 24 inches diameter, a 
wood pattern is out of the question. Two ways are open 
to the moulder to form the hub: one is, to work a sweep 
against the spindle as the blades are being built ; the other, 
to build a dummy pattern on bearing C, before commenc- 
ing the blades. Such a one is shown at D, Fig. 17G. Now, 
let a line be drawn all round the outside, as seen at £", 
and divided according to number of blades, which in this 
case ia three. The inclined frame F is now set to line £, 
with centre-line G at line ^on bearing B. 

With the view of helping the beginner in this job, I 
would here call his attention to Fig. 177, which is a per- 
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gpectivc view of the blades as they will appear when built. 
By 80 doing he will better understand the vu,rioua instruo- 
tiona he is called upon to follow. 




Fig. 176. 



Ab the sweep must travel on inclined frame F to give 

the required pitch of blade, the arms mnst work free on 

I ttie spindle, rising and falling on the frame ns needed. 

^Xo accompliBh this, a method is ehuwii at Fig. 176, whicli 
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is simply a cross-beam, with socket to fit the top of the 
spindle, with pulleys at the euds, over which a rope 
travels, to the euda of which the board or sweep mid 
counterweight are attached. The sweep is plain, and 
must be set in line with centre of spindle. 

The first process ia to brick high enough for thickness 
of blade; to do this a guide-piece 1 is screwed on the 
bottom of sweep, this being a true section of the blade 
from hub to outside. When all the piers are built to this, 
remove the piece / aud build the rest, care being taken to 
keep the bricks on the outside of blade, and filling the 
inside with loam bricks made for tbe purpose, firmly set 
in soft loam. 

You now sweep all the blades true to inclined frame, 
and as soon as bard enough the form of the blade must 
be marked ofE and cut out. Before moving the inclined 
frame F, mark the centre-line G on joint. 

You can now bring tbe sweep-board down to the line, 
and mark across from centre to outside. This is the 
centre of blade. Fig. 1~~ is a perspective view of your 
mould at this stage, with the three blades built. The 
lines A and B correspond to line on iuelined frame at G, 
Fig. 176. The lines 1, 2, 3, 4, 5, 6, 7, Fig. 177, are scribed 
down with the sweep, and are an equal division o£ section of 
blade, as shown at Fig. 170. From the centre-line A, Fig. 
177 is marked ofiE on either side the width of blade; these 
being connected as seen at Fig. 177, gives tbe form desired. 
Fig, 179 shows thickness of blade at the several divisions, 
with lengths as well. To these sections guides must be 
made from which to work in cutting out the blade, taking 
care to have the surface true and even. You must now 
fill in with green sand, good aud hard, giving another coat 
of skinning loam over all to insure an even and true face. 

At Fig, 178 is shown a way to construct the eope. A is 
a plate 7 inches wide, 1^ inches thick, with hole B cast to 
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I'Seoure to plate C&i B, a lug being cast at the other end 
ftt D, with hole to secure to plate E at F. Plate V, as will 
be seen, stands on bearings at G and //, and has bars cast 
on jirojecting towards the face of blade, on which to rest 
and secure other bars, which reach from plate E to centre. 
This pJatQ stands perpendicular, and the bars muHt bo 
cast on it to suit the forma of blade, and also to clear the 




Fig. 177. 



»lnib, taking care that the top log comee correct at B. 
Plate E, as will be seen, has staples cast in tiirough which 
the bars are put to carry tlie face of mould. 

When the frame is firmly bolted together — on the joint, 
BO as to secure the proper fit — it must he lifted away and 
clay-waahed. Clean the mould, and oil and parting-sand 
the face; spread on the loam, and bed down the iron, 
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The bars ranst now be put in and wedged in the etaples, 
Becuring the ends at the hub with cUimpa or wire, as ia 
moat convenient. 

All that remains to be done now is to fill in the spaces 
between the bsrs with bricka on end, packing tliem in 
tight with loam, and being careful not to preas the ends 
of the bricks into the face of mould. 

If the iron is carefully made to fit the hub, there is 
little to do hut fill up tho spaces with brick and loam ; 
but, aa is often the case, the aame iron must be used for 
a wheel of another pitch. Then irons must be used to 
bind the face of mould to the frame. The copes being 
all marked, bb aoon as they are hard enoughj can he lifted 
away. Set them down at G and H, and tilt hack far 
enough to finish- 
About 3 inches or 4 inches of bearing must be made all 
around top of hub, on which covering-plate will rest, and 
provision for running and feeding must be made in this 
plate, the risers being taken off at the highest point of 
each blade. It will depend on the facilities you may have 
for drying and lifting your mould how yon will now proceed. 
Should yonr oven be too small for the largo plate, yon can 
place a sheet-iron cnrb around and build fires between the 
piers, covering tho whole with plates. Another plan is to 
strike a bearing outsido and aronnd the seating at the hub, 
on which to rest separate plates to carry each blade, Jiy 
this means both top and bottom of blades can be dried in 
the oven and set back to stakes or marks, after they are dry. 
In very large wheels this must bo done. In closing your 
inonld, care must be taken to keep the foundation true to 
the position it was built, as if there should be any warping 
the wheel would be untrue. 

The cross and slings can be used to bind down with, 
taking care to carry a packing from bottom lug of plate 
Cat J. Plates maybe bedded over the blades and wedged 



under the cross. Care mnst be token wliilat rammiiig q 
Jtbe bliides. 
I Propeller- wheels are macle fitce down, in which case the 




first bed is Bnisbed off to the plain sweep at once, 
position and foim of blade is obtained m the Bnme way. 
The sections 1, 2, d, 4, o, b, " are made about 1 incli thick 
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and placed on the bed, eand being packed between and 
ehaped ofE by Jiand to the form of back of blade, and the 
cope built tia previously directed. This plan gives a little 
more trouble, but it insures a perfect face on the blade, 
as it takes its shape from the sweep direct, without any 
fear of alteration from rubbiug or finishing. 

The instructions here given to mould a screw-propeller 
have reference to what is called a true screw. There are 
other kinds of screws made, some with what is called radi- 
ally expanding and others with axially expanding pitch. 
But as the question of pitch does not concern the moulder 
as much as it does the draughtsman and patter u -maker, I 
shall not intrude the subject here. At the same time I 
advise every moulder engaged on this class of work to 
inform himself thoroughly on this subject. By so doing, 
it will be much easier for liim to follow the iuatructions of 
the designer or draughtsman. 



MAKING ELBOWS, BENDS, AND BRANCH-PIPES 
IN LOAM, 

After a long experience on this class of work, and having 
tried many plans to make pipes in loam, I have concluded 
that the plan here presented is the best. We will snp- 
pose the pipe to be made is in the form of the one shown 
at Fig. 182, 24 inches diameter and IJ- inches thick, 

Pirst, let your templet be as wide as the outside diameter 
of pipe wanted, and cast it stronger than you would if needed 
only for a core. Should you be going to run your pipe on 
the top, let there he holes cast in plate, through which 
your gates will pass; for, as will be seen at A, Fig. 180, 
your core-plate is to be the covering-plate. You must bIbo 
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cast holes over each flange for riBers, aa well aa for the staples 
shown at B, Fig. 180. These staples will be cast in the 
core-iron, as shown by broken lines at B, at such placea aa 
are needed for lifting, ant), as you will perceive, will pro- 
trude through the plate when you set on your core-iron. 
The core-iron here shown is the best and easiest made of 
any I have ever used, being readily formed by the use of a 
bent pricker pattern. It must bo understood that in this 

I case you need but one plate and one core-iron. 
Before proceeding to ram your lialf-core, let your plate 
b 
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Fig ISO 



be well cleaned, and then hj off the position of i 
and make murks on edge of plate with a chisel to guide 
you iu setting. Bed doivn the core iron, and set in the 
studs to support core wherever needed, provision having 
been made, of course, by cross-bars in the core-iron. The 
position of the stud is seen at A, Fig. 181. 

Do not, as many try to do, attempt to slick up your core 
with the trowel after you have swept off the sand, but, 
what is much bettor, dampen the face of core and finish 
off with rubbing-sticks; by so doing yoo will preserve your 
core in shape. Yon must now place on the half-flangea, 
which are made to fit the core. After squaring and secnr- 
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iiig them with spikes, prepare to lay on the thickiiesa, 
whicli ia done in this rnauuer: 

Have a core-box 20 inches long and 6 inches wide, with 
good draught, the depth of the thicknesB of pipe. Let this 
framo be secured to a board. Take the toughest eand you 
have, moisten it well, and with this make sufficient cores 
to coyer the core inside the flanges. By a iittle care and 
practice you will soon be able to ent and place them with- 
out much trouble. You must then nail them fast to core, 
as seen at 5, Fig. 181. After cleaning away from the stud, 
the flanges must be taken oflf and the core dried suffi- 
ciently to stand handling, but do not over-dry it, as it must 
again visit the oven. Whilst the haif-core is drying set 
down the fonndation-plate t\ Fig. 181, and make sure that 
it is strong enough to stand the handling without spring- 
ing. 

To turn over the core, clamp core and plate together 
and roll over on soft sand. Remove plate and suspend 
your core over foundation plate at the place most suitable 
for lifting and binding, and as much above it as will admit 
of a brick between it and t!ie flanges, as seen at C, Fig. 180. 

Now pack up with dry brick to all the bearings, taking 
care to have your core level ; place your chaplet from 
bottom-plate to stud, as shown at D, Fig. 181, and when all 
is firm and level you can lower off. The chaplet here men- 
tioned is simply a straight piece of |-inch iron, nicked at 
end which enters casting, which is built' in and remains. 
ty this means absolute correctneas ia assured in thickness 
you close the mould. 

You have now got your half-core in position for building 
around, hut it is best to put on the upper half. Find 
place for stud and set it into sweep (see E, Fig. 181). Yon 
will observe that I have shown, first, the stud, which is 
high enough to admit of a piece of wood 1 inch thick, 4 
' iches squarej on which ia placed a thin piece of wrought- 
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iron, the i^Jpa being to save the trouble of releasing the 
stud when cast, aa by the time the wrought-iron is hot 
etiongh to btirn the wood the metal will be set, and all 
danger over of the core lifting. The wood burns away, and 
allows the shrinkage to take place without damage to cast- 
ing, A, Fig, 182, also shows position of stud. Set flanges 
in position, top halves as well as bottom. Commence by 
building behind flanges, as shown at D, Fig, 180, Build up 
to flanges \ inch clear of circle, rub on loam and sweep 




Iffif! with top half of flange. You may, if you choose, extem- 
porize a bearing for the flange to run on, but very little 
practice will enable yon to do withont. Yon will observe 
a hole is left in the middle of brickwork for the gas to 
escape at. 

Haying now got the ends of core in good shape and your 
studs flxed,lay (in mud) a course of half-bricks wide apart, 
as shown at B, Fig. 182, about 3 inches from edge of core, 
as seen at F, Fig. 181. Dig down to cinders in two or three 
places to make connection; fill in cinders, as seen for top 



Fig. 181, 
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half, packing them well down, and a courao of old sand 
over them to within 2 inches of face, to save core-sand; 
ram on sufficient core-eand and sweep off. Tliia must be 
carefully done, as you have only the thickness oil which to 
rest your sweep, but by a little care you can secure a good 
shape. After rubbing to shape, secure the flanges in position 
and place on the thickness. There is no need to nail the 
upper half. 

Yon have now got the core and pattern in perfect shape 
— in every respect as good as the best wood pattern. Now 
oil all over, and throw on parting-sand and build up to 
joint, as shown in Fig. 181, leaving about J inch for loam. 

At C, Fig. 183, is shown plan of cope-ring, which must be 
made strong. The ring is made by laying templet on level 
bed and marking 1^ inches clear of outside, also allowing 
good clearance at ends. In bedding cope-ring have it sus- 
pended over your mould all clean, and then lay on your 
loam a little higher than the half. Throw on plenty of 
parting-sand and hed down the ring; mark, and lift off 
again. You now go ronnd with your trowel making the 
joint to correspond with the bottom of ring; this gives you 
a perfect joint. After throwing on a little more parting- 
sand, clay-wash inside of ring and put back. Fill in 
between ring and pattern, and build as shown at O, 
Fig. 181. 

I have been careful in making these drawings to show 
the whole plan of building. At H is seen chaplet resting 
on stud, which reaches just high enougli to admit of a flat 
wrought-iron plate being placed upon it. The mud of 
course covers this as it does tho brickwork when the top 
plate is bedded on. Tiie broken lines at Fig. 180 show 
methods of rnnning, tho top gates at flanges being the 
best nsually. As you will see, they are set to clear the body 
core. You now see the use yon are to make of the core- 
jj and why you make provision for running, etc., whe\i. 
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it ia made. Tha reason for the loose plate over the chaplet 
is to save tvonble whisn bedding on tlie top plate. The 
mnd between the plates becoming hard enough to reaiat 
the presBure, aavea trouble. The top chaplet also remains 
where it is built, so that when the mould is closed there is 
no measuriDg or wedging to do. Mark your mould at the 
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joint at such places as are not likely to be disturbed, lift* 
off your cope, and set up on stands high enough to work 
under. Lift out your core, first freeing it at prints, aa 
■well aa digging out a little of the thickness all around; 
this prevents the joint from being lifted up. After pulling 
off the thickness, and trimming, a little blacking finishes 
ready for the oven. In closing your mould, if you are 
careful in setting your bottom half in pit, you will find 
that core and cope will come together very readily. 
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\ A pliiQ of Ijiiiding is slioivn at Fig, 181. By hitching on 
-'to centre of beam with slings attitched to bottom lugs, you 
can pack between it anil covering-plate aa seen at /, Fig, 
IBl. Fig. 180 is an end view of mould when closed. Fig. 181 
shows section of mould cut through at chaplots, and shows 
how to make both halves of core. Tlie thickness is shown 
nailed on bottom half, the method of building, binding, 
etc. Fig. 183 is plan showing bottom half resting on bear- 
ings, flanges sot and top bearings atmck off, with course of 
half-brick laid ready for cinders; staple is also shown aa 
well as cope-ring. 

We will now consider some other methods which will 
best meet the case, wheu the order is for a sufBcient 
number to warrant the necessary outlay for casings, etc., 
by which means the founder can produce castings with 
greater facility and at loss expense. 

In order to give a clear exposition of the method of 
moulding pipes in casings, let us proceed to make a 
24-inch socket-pipe, 10 feet long, and bent to 14 feet 
radius. The succeeding instructions will serve for flange- 
pipes as well. 

Fig. 183 is a sectional view of top and bottom halves 
of the casings required for moulding such a pipe. The 
thicka^s is 1 inch all through, strengthened by ribs, 
2 feet apart, extending all round, from flange A to flange 
B, as indicated by the outer line. Lngs for lifting pnr- 
poses are shown at C, D, E, and F; these may be either 
separate or attached to the ribs, according to circum- 
stances. In this instance If inches is allowed for loam, 
which is held to the casing by the prickers shown. Let 
these prickers be li inches at the base, and \ inch at the 
top, for if they are made any lighter than this their life is 
short. They may be set in about inches apart, and vent- 
liolcs cast in the same i-atio. 
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It will be seen at G that provision is made for holding 
a stud with which to support the eoro; this socket is 
made to receive a stud 1 inch in diameter^ and must he 
set in exact position to catch the paclciiig //, which, as 
shown, extends from the surface of the core to arbor /. 
Provision for holding down the core ia shown at J, con- 




Bifiting of two clamps of wroiight-iron, IJ inches square, 



eaat in the casing — one on eacli side of the hole throngh 
which the stnd iTis dropped. A stout bar, resting on the 
stud, and firmly wedged under these clamps, secnres the 
thing at once. 

This stud K is seen to rest on a wrougbt-iron plate 4 
inches square and J inch thick, and between this and the 
packing L is inserted a piece of wood 1 inch thick, and of 
the Bame dimensions as the piate; this wood burns away 
in dne time, and releases the core-iron. Of course the 
casing is made to the form of the pipe, as seen at section 
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of socket end, Fig. 184; and it is best to allow 6 inches extra 
length, as shown at J. The core, extending the same 
distance past the bearing, forms a spaeo into which sand 
may be rammed all round after the mould is closed; and 
by this means make it impossible for the iron to escape 

_at any part of the bearings. 

I The mode of sweeping this mould is shown iu detail at 
Figs. 184, 185, and 186. Fig. 186 represents a frame of 
cast-irpn made to the outer dimensions of the pipe on its 
inside edge (only at the print ends, which mast be the 
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width of the core at that place), and whose outside edge 
corresponds to the casing at A, B, Fig. 183. 

This frame and a body sweep, in conjunction with tho 
Bpindle attachment shown, constitutes the whole arrange- 
ment for forming the outside of t!ie mould. 

It will greatly facilitate tho operations if the casings are 
one on each side of a vertical spindle, with whiub to 

'eep off the joints; and should tho spindles ali'eady 
erected not be available, one can very readily be ex- 
temporized for the purpose. Tiie joints may be rammed 
with dry-sand facing and swept with a straight board, 
after which the iron frame is placed thereon, and the 
lould formed. 

It will be seen that the spindle B, Fig. 184, works iu a 
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loose bush, which is heW in ite place by a set-screw G, aud 
that it is prevented from moving endwiiya by tlie collar D. 
The reason for having tliia looao bush is obvious; the 
centre of the spindle mast be on a line witii the joint of 
the mould, ub seen in Fig. 185, aud when the frame is re- 
versed and placed on the other half, the bnah must be 
moved to bring the centre on a line with the joint, aa in 
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the former inatance. If this were not done, two frames 
would be required, and four holes bored instead of two. 

The horizontal spiudle serves to form the ends, and also 
the beafingB for the core, and, ua will be plainly seen, 
flanges may be swept with the aame facility as plain ends, 
The body of the pipe is formed by a sweep, made to rest 
on the frame aa it is drawn from end to end. By using 
one frame for both haWes an absolute fit is obtained by 
simply smoothing off the loam even with the outer edge 
of the frame in both cases, and carefully matching them 
when closing the mould. 




The mode of pouring in this case will be governed by 
the style of core used. Should the core be niiide of a 
mateml which will allow the iron to be dropped on the 
top, a Buffieient uumber of holes must be cast in the 
casing for the purpose of forming the gates. Or, if it is 
thought best to make the bottom half in dry Siind, and 
the top green, then provision can be made in the bottom 
casing for the insertion of the necessary gates, and bc- 




cnring the runner box in which the pouring basin is to be 
made. 

Again, should an entire green-sand core be used, it will 
be beat to provide for running in at the end by casting 
holes at one end of the top casing for upright runners to 
connect with gates cut round the bottom bearing, these 
again counecting with the casting in the direction of its 
length. Such a runner is easily made by attaching a 
finger-piece to the sweep, at the point whore it is intended 
to run the pipe, connecting.' it with the mould afterwards. 
The latter mode will be found applicable in nearly all 




Tss tnoN-Pouimss. 



88, and ia by far the best method, owing to the fact 
that neither cope nor core offers any opposition to the free 
ingress of the iron, 

The labor of making cores for this job will be ap- 
preciably lessened by providing a lialf core-box of caat- 
iron in which to make them. When such a box is fur- 
nished, all that is needed in the way of core-iron is a stout 
bar, made to the curve of and central with the pipe, on 
which loose frames are wedged fast along its length, at a 
proper distance from each other, as shown in section at 
Fig. 183. With such a rig as this it is only reqnired to ram 
about 6 inches of Band solid all round, filling the inside 
with coarse cinders as the ramming progresses. The top 
half can be swept off with a strickle, made to work on the 
edges of the half-box, and any little deviation from a 
correct half in the iron box can be rectified by adding to 
or reducing the strickle, as occasion requires. 

The utility of the method herein suggested for sweeping 
pipes is not by any means confined to moulding in casings. 
By referring to Fig. 187 it will be seen how easily it may be 
applied to a regularly built mould, so prepared that an 
almost unlimited number of pipes may be cast therein 
with absolute safety, the frame and horizontal spindle 
being used in exactly the same manner as directed for the 
casing. The inner circle represents the mould, the bottom 
half of which is built on foundation-plute A, up to the 
points B, B, where another plate, which is a fac-simile of 
the flange on the casing, is placed and secured by bolts CC, 

For the top half, make the cove riug-pl ate as shown with 
lugs or handles E, E, set convenient for lifting and roll- 
ing over. Let holes be cast about every 12 inches along 
each side of the plate, for the purpose of securing cross- 
hara F, which, aa shown, have flanges, with holes cast to 
correspond with those cast in the top plate. Bars and 
plate are then made one by holts G, G, and similar plates 
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to those at B, B 
The bars, having 




the bricks firmly in their place, while the lugs E, E, e 
tending beyond the ontermoet part of the mould, and set 
central with it, allow the cope to be rolled easily either 
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I one way or tho other, resting ou tliem (the lnga) through- 
OQt tho whole operation of reversing. 

Before entering on another phase of this subject, let us 
revert to t)ie matter of Becuring cores, and that by means 

p other thiin by chaplets and atuda. It ia not always essen- 

' tial that studa be resorted to as a means of securing cores, 

I aa we shall demonstrate further on. 

Fig. 188 is a mould view of a 48-incb elbow-pipe, whose 
flanges are oqual distance from the centre, and at right 
angles to each other. The mould is supposed to have 
been swept, by either tho fj-ame suggested or by any of 
the customary methods in vogue, and the thickness laid, 
ready for building the core. Ordinarily, the plate A, after 
being swept on the underside and dried, would be turned 
over and laid on the thickness, and a middle stud cast on 

I the plate would rest ou another one, set to mutch it in the 
bottom of tho mould. Kow this, as well as idl the labor 

I in connection with the holding down of such a core as the 
one under consideration, can be Buccesafully done away 
with, by using the bar with counterbalancing enda, shown 

I at B, Fig. 188. In tho case under con side I'at ion thia bar 
would rest on packings at the ends and middle of the plate, 
one of which is shown at C. 

The plate A can then be secured to the bar B by clamps, 
after the manner shown at E. The whole job is then con- 
trolled by the counterbalance; inasmuch as it ia lifted by 
staples F, F, prevented from drooping by bearing D, and 
held down by securing at O. When these bitrs cannot be 
taken out whole, one end may be made separate and bolted 
on, as shown by broken lines at H. 

It will be apparent how readily this principle can be 
applied to a dry or green-sand core by slipping on the 
thin plates /, aa before directed. 

When the radius of the bend is not too small, and the 
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pipe within limits aa to length, it beconiea practicable to 
mould and cast such on end, as the following will show. 

Let it be required to make a 48-inch pipe, 8 feet long, 

and radius of bend 34 feet. First lay down a snitable 

foundation -pi ate, as shown at A (Fig. 189), and with the 

spindle sweep thereon an ordinary seating a little larger 

> than the outside edge of the socket or Qsmge; io this case 




it is socket; but, aa before stated, these instructions will 

serve in either case. When this has sufficiently hardened, 

aet tlie guide or angle pieces B, B, with which to finish off 

. the bed to the required angle, as seen at A, A (Fig. 190). 

A careful examination of the view given at Fig. 189 will 

I reveal the whole plan of operation; CG are posts made 

I fest to the wall against which the guides DD are screwed 

I tast, at the same time resting on the angle-pieces BB. 
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The top and bottom edges of these guide Irames corre- 
spond to the angle of the ends, and the front edges to the 
curve of the pipe; these are placed exactly midway of the 
mould and form the bearings on which the strickles work 



Fig. 191, 
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to make the mould by. The first strickle used is shown 
resting against these bearings at EE. 

The socket or flange {which may be segments of casl^ 
iron or wood) being placed in position, the first half of the 
cope must be built. The half-iings for carrying the co^e 



e ahown in Bection at BB {Fig. ] 90). The top halves ars 
shown in plan at Fig. 191, and also in section at (7C, Fig. 190. 
The arrangement for bolting and lifting these half copea 
will be manifest without farther explanation other than a 
careful study of the drawings will convey. A few half- 
riuge for binders will be necessary in both copes and core, 
as seen at D, E, and F, especially bo when the curve is 
quicker. 

The plan view at Fig. 192 shows first half of cope built, 
thickness set against it iind the core built up to this thick- 
ness at the inside half, and swept by the ati-iekle A on the 
outside. If the strickles should be found too heavy for 
easy working, fix a rope pulley overhead and hitch on at 
the place marked by the crosses, and be sure to have the 
block pull hikrd against the guide; bj this means the 
working will he better controlled. 

The job is now completed by adding the socket and 
thickness (around the core this time, of course), and build- 
ing the other half of the cope. 

It is best to place the halves together for finishing, and 
any bead or facing which may be called for on the top end 
may then be formed by a finger-piece worked round to a 
circular guide resting on the joint. 

Should the pipe require flanges at both ends, segmenta 
can be used top as well as bottom. It hardly need be said 
how simple a matter it will be to build in a branch at any 
part of this mould. 

When practicable, this method will be found far in ad- 
vance of any other for this class of work, as it saves both 
time and expense, and requires less skill to work it. 




' MAKING LARGE ELBOW-PIPES ON END IN 
LOAM. 

Vert large elbows are usually made in aa short lengths 
as possible, and very rarely exceed a quarter of a circle, in 
which case they are readily made on the flat. But when, aa 
_is sometimeB the case, a pipe is required, say 60 inches diam- 
eter and 8 feet long on one end, a much better way can be 
found to make it. And as the instructionB for thia job 
will serve for almost any other having a large elbow cast 
on, I have taken pains to show every detail of the operation. 
A careful study of the engravings is almost all that any 
intelligent moulder will require to enable him to grasp the 
idea. But as my object is to instruct such as have had 
little or no experience in this class of work, I shall take 
the job in detail and explain from beginning to end how to 
make an elbow-pipe 5 feet diameter 3 feet 6 inches and 8 
feet 6 inches from centre of elbow. 

First. Let cope and core of long end be built and swept 
in the ordinary way, with sweep and spindle up to the turn 
ahowu at A, Fig. 193. The outer lines of Fig. 194 represent 
plan of foundation-plate and cope-ring. At B, Fig. 193, is 
seen the binding-ring for cope, which is cast to outside 
dimensions of brickwork, and extending at the front the 
rame distance as bottom cope-ring, and wide enough to 
permit the guide-pieces ^l,Fig. 194,toreston it. Asmooth 
bed of loam is struck at joint A, Fig. 193, on cope and core. 

Now let these plain parts be closed together in the pit, 
and as you must work around your mould, cover the 
mouth of pit with planks. Fill up the thickness with 
waste or hemp, and lay on the guide-piece A, A side and 
end view of this guide ia shown at Figs. 195 and 196. The 
half-flange must be attached to this guide at its proper 



distance from centre, and the whole frame set to centre- 

linea drawn on the level bed, as shown. The sweeps for 
forming the elbow will run on these guidee, with stops, as 
shown )kt A, Fig. 196, and after the ontside ia huilt, as at 
Fig. 196, the thickueBS must be placed on and the core built. 
Figs. 193 and 196 are side and end elevation of core, and 
show the way to construct it. At A, Fig. 193, is seen the 
bottom plate, having staples cast on the upper side, to bind 




the plate B. These staples are shown in plan, Fig. 194-, 
marked /. Fonr interna! lags are cast on this plate, with 
staples cast downward; these, as will be seen, are used' to 
bind the core to foundation- plate, in which corresponding 
lugs must be cast. This method of securing the elbow to the 
body core does away with the use of chaplete, and makes 
the job absolutely safe as regards metal oozing through the 
joint. 

Let this plate be solidly bedded on the joint, us shown, 
with no loam under it; set in the hook bolts, and build up 
to B with an ordinary double course of brick, using the 
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reverse sweep on guide, as shown. By referring to Fig. 1 
it will be seen why this brickwork is carried so high, 
allows of a sufficient width of plate to carry the sides 
core, which, as is seen, is built on plate £ as far aa plate 
It will be seen that plate B hae not only holes cast in 




^^" receive bolts from plate A, but other staples are ahown, 
which serve to secure the top plate C, and so bind the 
whole core together. These staples are seen in plan Fig. 
194, marked 2. The long staple D and lugs E are shown 
in plan at Fig. 194, marked 3 and 4. 

Let this plate be turned over after it is made, and after 
^^— filling in the cinders about half-way of the prickers, fill up 
^^M the rest with loam and pieces of brick. If you are careful 
^^Bin making the plate to push the prickers in the i 



the right J 
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length to Bnit the curve, a very thin coat of loam will serve 
to bed down in. When this is dry enough to use, bed it 
iuto place and secure the bolts from plato A, and build, as 
shown, up to where plate C comes on. Holes are cast in 
plate C to correspond with staples in plate B. This plate, 
with holes marked 2, is ahown in plan at Fig. 194. 

After securing plate C^, fill in cinders among the prickers 
up to within 4 iuciies of face, and ram over this plate witJi 
good open core sand. The brickwork can be strickled ofE 
with loam in the usnal manner. 

The reason I prefer core sand for the top ia because the 
iron rests more quietly on sand than it does on loam. 
Before striking off the sand be sure and vent well down 
into the cinders. It is important that you should have as 
many holes as possible cast in these plates, to carry off the 
gaa, and also have the brickwork as open as possible, and 
well cindered in every course. After finishing the core let 
the upper half of flange be set on true, and put on the 
thickness. Oil all over, and throw on some parting sand; 
you may then proceed to build the outside. 

At Figs. 195 and 196 is seen the way to build it. A, Pig. 
195, being the first plate needed, staples are cast in this plate 
for the purpose of binding it to plate B. A plan of plate A, 
with staples marked 5, is seen at Fig. 194. The overhang- 
ing brickwork can be supported with a building-ring or 
plate, as shown at C, Fig. 195. Plan of plate B, with holes 
for bolts from A, and staples marked 7, canying bolts to 
plate E, with lugs for lifting, marked 6, are seen at Fig. 
194. A method of building this part is shown at Figs. 195 
and 19C, with top covering-plate E bolted down. 

After all is built, and the requisite marks made for guides, 
the top can be lifted away. Dig out about 2 inches down 
of the thicknesa, to save pulling up the joint, and then lift 
out the elbow core. The thickness being cleaned out of 
the bottom half, and tlie waste or hemp removed from 
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■Itrontid the mould, jon can — after making aare of gnides 
'St the bottom Beatisg — again separate your moulds and 
finish for drying. Should it be found inconvenient to 
handle the whole cope when the under half of the elbow is 
built on it, or should the mould be too long for the oven, 
the plain part can be divided by an extra cope-ring at any 
point jou may choose. 




The rest of the job is plain, each piece finding its own 
place in the order they were separated. After the elbow 
core ia in place, the bolts G, Fig. 193, must be secured, as 
already explained, to the foundation. A little of the dry 
loam may be scraped out at the joint //, Fig. 193, and wet 
loam pushed into the space, as shown. 

Should there be any doubt as to the strength of bnilding- 
5 B, Fig, 193, piers can be built up from cope-ring to 
Ripport the front, as shown by broken linoa. 
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To gate BHch a castiug a» this, let the bottom flange be 
covered well by runners leading thereto, Iwfors yoQ rise up 
to the main muuerfl, which are shown by broken lines at 
F, Fig. 193. As many of these runners can be put in as 
will run the casting at a fair rate of speed until the iron 
reaches about the iifight of the plain part, or even a little 
below, when runners D at top flange, shown at broken line, 
Fig. 19R. must be used. 

If two ladles are used to cast with, all the better : a sep- 




arate runner can be made for them ; but should only one 
ladle be thought necessary, let pings covered with loam be 
inserted in these gates, and the runner made around them, 
withdrawing them in time to let in the hot iron to the top 
of the mould before the sciim, which rising as the body fills 
np, reaches the elbow part. 

Broken lines at D, Fig. 195, show the risers. 

The vent can be taken fi-om this core by dropping dry 
shavings to the bottom of core and running a little molten 
iron down to ignite them jnst before casting. 




DRY-SAND MOULDING, WITH EXAMPLES FOB 
MAKING DIFFERENT CLASSES OF WORK. 

The term "dry sand" ia eomewhat indefinite, and fails 
to convey the full meaning of that wliich it is intended to 
explain. 

The difference between dry aand and green sand is sim- 
ply this, that moulds prepared by the latter method are cast 
at oncBj whilst in a green or moist condition, and the 
former are dried in ovens, built for the purpose, before the 
casting takes place. 

The reasons for the drying process are many, as will be 
shown farther on ; and whilst it must be confessed that 
very many castings are made in dry sand at an augmented 
coat, which might as readily be made ia green saud, still 
I am persuaded that the system would he more generally 
adopted for a lai'ger range if it was better understood. 

The extra cost of production is sometimes urged against 
the adoption of this method, but this cannot always be 
substantiated, as very many jobs, apparently insignificant, 
might be made with much greater facility and despatch in 
dry sand than could ever be attained in green sand, with 
the percentage of loss very much iu favor of the former. 
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It must also be understood that the poasibilities by the 
di^-ssnd method are not confined to the production of 
steam -cylinders and kindred jobs, but can be made of nni- 
versal application. 

Difficulties almost insurmountable, if attempted in green 
Blind, disappear at once when it ie decided to make the 
job in dj-y sand; and large nnmbera of castings which, if 
made by the former method, would require the very best 
talent to produce, may be accomplished by the latter with 
comparative ease by inferior men. 

A dry-eand mould correctly prepared is a much firmer 
mould than could possibly be made in green sand, for which 
reiiBon a greater resistance to pressure is offered by it, thus 
enabling us to accomplish very deep work without detri- 
ment to tho outline of the mould. 

It is because of the greater opportunities for flrst-class 
finish which dry-aand moulding offers that we recommend 
its adoption on all work of elegant design, when a correct 
reproduction of the pattern is demanded, whether the job 
is to be tool-finished or not. 

Again, a dry sand mould, having lost its moisture, ia more 
porous, and consequently requires less labor in preparing a 
way out for the gases generated on the surface of the mould 
as the molten iron fills the space; in fact, when the mould 
ia thoroughly dried, which ought always to be the case 
when best results are called for, the need for venting ia re- 
duced to a minimum, e.TCcpt in such parts of the mould as 
are very much confined. 

This being admitted, there is less danger of the mould 
scabbing, and thus endangering the success of the work 
■ from the presence of dirt resulting therefrom. 

It must also be remembered that scabbing is not the 
mly cause of dirt in green-sand moulds; for, no matter how 
Mefnlly such a mould is prepared, the surface snffera in 

roportion to tho wash of the molten iron upon it, and 
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gives off an amount of dirt, which goes to increaBO that of 
which wo have already spoken. 

Now this, as previously intimated, cannot oecnr in the 
well-prepared dry-sand mould ; this fact alone will be suffi- 
cient to recommend the latter method for the production 
of all castings which must be clean in their upper as well 
aa more remote parts. 

Another advantage which this method offers is that 
moulds may be poured with much hotter iron without det- 
riment to the surface of the casting, all the superior finish 
heing preserved intact— a highly desirable thing in very 
many castings, it must be allowed. 

This is certainly a very great advantage, for it is well 
known by all practical moulders that a much better surface 
can bo obtained on the green-sand casting if the iron is 
allowed to cool down to the point where it will be juat able 
to run smoothly, and fill every part without showing faint 
outlines at the sharp angles; but is it not also admitted 
that, by cooling the iron to save the mould, such iron has in 
some measure lost its fluidity, thereby lessening its ability 
to flow together in one compact mass? Especially is this 
the c^e where there are portions of the mould o£ less mag- 
nitude than other portions, the lighter parts, in this case, 
having to wait, as it were, until the heavier parts fill, be- 
come partially or wholly congealed, and, on account of the 
dnlness of the iron, the connection is lost at that part, 
and very often the casting aa well, on account of it. 

There being no necessity to dull the iron for a dry-sand 
mould, the above serious error is averted. 

This, however, is not the only way by which hot iron 
may be permitted to assert its superiority over dull by 
adopting the dry-sand method; it must he apparent to all 
that dull iron has also lost its ability to throw oiF its im- 
purities. Entering the mould in a sluggish stream, or 
streams, it forma a convex upper surface as it rises in the 
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\ tnoukl, and such impurities aa appear on its surface are laid 
I against the Bides, lap on lap, as it were, whilst, on the 
y other hand, when good hot iron is nsed, its fluidity being 
[ greater, the dirt rises instantly to the top, and is carried 
to the point prepared to receive it, leaving the casting 
comparatively free from impurities, ae well as preserving a 
degree of homogeneity in the mass, only to be attained by 
such practice, and no other. 

Right here let mo say that the soundeet castings are 
those which are poured with the hottest iron; therefore, to 
obtain them it ia imperative that such moulds be prepared 
AB will admit of iron being used in that condition. This, 
I think, is a very strong argument in favor of dry-sand 
moulds for all work requiring the maximum degree of 
strength and purity. 

Still another important advantage which a dry-aand 
mould possesses, namely, that castings may be gated, or the 
iron may be introduced into the mould at such places as 
will be most likely to secure a good clean finish, if it 
should be desired. This cannot always be done in green 
Baud, except in a very limited number of cases, simply be- 
cause the surfaces of the green-sand mould are not as firm 
aa tliey are in dry sand; consequently the first thing to de- 
termine, if the job is to be made in green sand, is not, 
"How can we best secure a clean bore or planed surface ?" 
GO much as, "How can we best avoid scabbing of the 
mould ?" and nine times out of ten the gates are placed 
I with the view of meeting the latter emergency at the ex- 
\ pense of the former. 

Very true, a great number of green-sand moulds may be 
tilted to the angle suitable for clean pouring, and even Bet 
on end for the same purpose ; but, as I said at the outset, 
greater skill and considerably more time is needed to ac- 
complish this, and the risk of losing the casting ia always 
greater. 
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It might be asked, if the dry-sand method is so much 
superior for intricate aud heavy work, why ia it not more 
generally adoptedP The correct answer to encli query 
would be, becauae it is not generally nnderstood, and is 
underrated because of failure in some instances when it 
has been attempted by men who were unaccustomed to 
such work. 

For the suecesaful accomplishment of this class of work, 
men must be trained to its performance, the proper ma- 
terial, the best tools, such as flasks, oyens, pits, etc., must 
be provided. When this is done, it is safe to say that", 
with right management, the ontput may be made in every 
sense superior to anything which could be effected in green 
sand. 



^M HOULDIS'a SANDS AND CLAYB. 

One of the chief elements for the production of good dry- 
sand work is the sand used for facing the pattern with, 
and as some jobs — -such as are rammed on end with a very 
limited amount of sand between the pattern and the flask 
— do not allow of such facing, but must be filled up alto- 
gether with the same sand, the whole heap in this case 
must partake of the nature of facing sand. 

This sand should possess a uniformity of grain, with 
Bofficient cohesiveness to allow of its being packed or 
"rammed" into a compact mass; this does not mean that 
it shall be of a pasty nature; for, usually, the element 
which creates such a condition is something which de- 
tracts from its value as a good moulding sand. 

It is important that all sands for moulding porposes 
should be as free as possible from such subetanceH as will ' 
generate gas when subjected to the great heat which is 
brought to bear on them, and for the same reason they 
must be chosen with regard to their fusibility. 



F 
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Very frequently it is poasible to use EOme ol the finer 
^radea of SHud, of a not very refractory nature, on thin 
castings, and by so doing obtain Bmoother workj but if 
Buch sand were to be used on iieavier worlt, failure would 
be the ryault; success in the former instance being attrib- 
utable to tbe simple faet tliat the molten iron congeals 
rapidly, and loses its ]Jowcr of penetration, whilst in the 
latter it remains longer in a fluid state, thus giving time 
for the fusible substances in the sand to melt. 

From the above, it will be inferred that, in some in- 
Btancea at least, inferior grades of sand may be need with 
impunity at considerable suving of cost in manufacture, 
whilst again, in other instances, the selection of the most 
refractory kinds of sands is indispensable. 

It is not desirable that good moulding sand should con- 
tain very much of any other element than "silica," which 
IB simply "flitit-stone," or "quartz," this substance being 
tbe most refractory of any of the rocks or earths; but as 
found in the various sand-beds from which it is dug, it is 
always mixed with more or less of other matter, which im- 
pairs its value for foundry purposes; but it is claimed that 
a little "magnesia," or oxide of magnesium, together with 
a small percentage of "alnmina," or oxide of alnminnm, 
improves its value. 

The clays used for bringing the silica up to the requisite 
degree of consistency must be carefully selected, as all 
Buch as conUiiii more than six per cent of "carbonate of 
lime" — commonly called " limestone" — should be rejected. 

It will be seen from the foregoing that, in mnking selec- 
tions of sands and clays for moulding purposes, it is abso- 
lutely necessary that some one should possess a BuflScient 
knowledge of chemistry and geology to enable him to not 
only choose the right kind, but to analyze the same after 
its identity has been thoroughly established ; otherwise wo 
must go on in the old way, making repeated trials of differ- 




ent aanda, etc., mixed in vurjing proportions, and by so 
doing obtain auoh mixtures its, at best, are only au approxi- 
mation to correctness. 

Does not this suggest to ua, as monlderB, the great neces- 
sity of a higlier education, to enable us to know all of our 
trade ? 



Flasks for dry-sand work should always be made Btronger 
than is usually the case for green-sand, becauee of the 
harder usage they receive. All joint edges should meet 
with chipping strips aa thick as will separate the flauges 
wide enough to allow of a loam packing being pressed in 
before bolting together. 

The method of having this chipping strip extend to the 
outer edge of the flange, alternately, between the boltr 
holes, with the view of supporting the flange against the 
pressure exerted by the bolt, is not a good one, as it inter- 
feres with the safe atopping-in of the joint; very often 
castings are lost on account of the metal finding its way to 
this spot. It is especially dangerous when the mould is to 
be placed on end in a confined pit. 

The better plan is to tie the flange to the body of the 
flask by at least as many brackets as there are bolt-holes, 
taking care to have each bracket as close to the bolt-hole 
as possible, after the manuer shown in the flask drawn at 
Fig. 197. 

All cheek and end parts, where practicable, should have 
holes cast in them, for the purpose of bolting in such bars 
as may be required to check ofli aeparate parts of the monld ; 
and aa, very naturally, these holes weaken the sides very 
much, it is well to still further strengthen them hy crosa- 
flanges extending from edge to edge in as many places as 
it is convenient to do. 



The upper ends of all cheeks and sides should be made 

with an extra strong flange, and provision made for turning 

I up on end and lifting the whole flask, hy casting holes at 

I suitable places for the introduction of ring-bolts, as shown 




1 illuatration to article on "Cylindrical Work in Top and 
kittom Flaske." 



FACING, RAMMING, TBNTINO, AND FINIBHINQ. 

I know that it is a common practice in some shopB to 
the strong green^and facing for dry-sand work, and 
li Eome jobs it ia quite practicable to do bo, but when- 
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ever it is tried on such work as " pumps" and ••" cjliaders," 
I have no heBitation in saying that it is a coQiparatiye fail- 
are, tor the simple reason that sach sands are too fine in 
the grain, give off too much gas, and are lacking in the one 
great DSsential — " stability," 

Because of its fineness, it is wanting in porosity, and 
must therefore be treated in much the same manner as in 
green sand, every part receiving its due share of surface 
venting, etc All this is unnecessary when a proper mix- 
ture is made; therefore, to use such facing saud is an ab- 
solute waste of time, to Bay nothing of the constant danger 
from scabbing after all this has been done to prevent it. 

Another objection to bhis sand is the rottenness of the 
surface after it has been dried; and as dry -sand moulds, such 
OS those above mentioned, must of a necessity receive 
harder usage than is ordinarily the case daring the opera- 
tion of closing, broken spots and patelies are the rule, and 
not by any means the exception. 

The No. 5 mixture given in article on " Core-Making," 
is all that can be desireii for such work, there being eight 
parts of coarse "silica" sand to two parts of a finer grade 
of good moulding sand. The finer sand just serves to form 
a bed, as it were, for the large grains of refractory silica to 
rest in; but it is these coarse grains which find their way 
to the pattern during the operation of ramming, thus 
offering a firm and unyielding surface, which no amount 
of ordinary treatment in finishing and closing can destroy. 

The clay in this mixture senes to cement the mass more 
firmly together without deteriorating, to any appreciable 
extent, its porosity, whilst tlie fiour serves a double pur- 
pose. First, it gives a greater degree ot consistency to the 
whole, in the green as well as in the dry state, especially so 
in the latter, if the mould is dry and not burned; and sec- 
ond, whilst there is not enough flour in the mixture to im- 
pair its ability to resist pressure and heat, there is enffi- 
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ciont need to make it more easy to clean the casting after 
it hu8 burned away. 

Sach a mixture allows for the maximum amount of ram- 
ming, and, ouly in very confined parts, no venting, unless 
it be done witli the view of helping to carry off the steam 
during the process of diying. 

Too frequently we see tlie same amount of time and care 
expended to secure hanging sand in dry-eand moulds as 
must be spent on green-sand. This, of course, is a sheer 
waste of time. A little reflection will reveal the fact that, 
allowing the mould to remain, whilst drying, lu the same 
' position as when finished, very few of the green-sand meth- 
ods of gaggers and irons are needed, simply because it re- 
quires considerable pounding to break it apart when once 
it is properly dried, and for tliese reasons considerable lati- 
tade is allowed in the choice of help for ramming up dry- 
sand work. 

The above mixture allows for the blackening and finish- 
ing of the mould while in the green state, and, as it is im- 
possible to damage this stony surface by too much sleeking 
with the tools, there can be no excuse for not producing 
the most elegant finish. 

For pipes, hydraulic cylinders, rams, gnns, and all cast- 
ings rammed on end, in casings which allow for just suf- 
ficient sand to make a safe job, the sand must necessarily 
I be all of one heap, composed of exactly the same ingredi- 
[ «nte, minus the flour, the latter being aiiperfinous for such 
1 work, because, the surfaces being all plain, and the distance 
, irom the casting to the outside being very short, the gases 
generated on the surface pass quickly away, and inasmuch 
k as there are no sharp angles or confined parts to break the 
Lenrfacc, such work usually skins clean if the proper blook- 
lening ia used. Of course, constant renewal is necessary to 
\ keep this sand up to the right consistency. 




TO MOULD A STEAM-CYLINDER IN DRY SAND. 

In order to muke the subject of dry-sand moulding in- 
telligible to those who are not conversant with this branch 
of the trade, it will be necessary to take a few leading 
jobs, choosing snch as will bring ont in detail, the leading 
principles involved in the production of all such work. 

The chief object aimed at by this mode of procednre is 
not the mere description of how such a job is made, but 
rather to inculcate snch principles in the mind of the reader 
as will enable him not only to apply them, when learned, 
to other jobs, but will also help him to think for himself 
as to how he might accomplish the same end by means 
perhaps widely different, but equally safe. 

Fig. 198 ifi a horizontal section. Fig. 19D side elevation. 
Fig. 200 erOBS^ection, and Fig. 201 front elevation of the 
cylinder we propose to mould. Its chief dimensions are 
30 inches diameter and 6 feet long. 

It will be seen that the exhaust is placed at A, Fig. 200, 
and that the cylinder is intended to be secured to its foun- 
dation by the bearers or feet B and C, which extend the 
whole length of the cylinder. 

We first determine that it shall be cast on end, with a 
" head " or extension, east on the top end, to receive the 
sullage which always gathers in the mould us the metal is 
poured in. A careful inspection of Figs. 197 and 303 
will enable the reader to see the whole plan of operations 
required to bring the mould to this advanced condition. 

Contrary to the generally adopted method of moulding 
cylinders on the side, I have, for special reasons, preferred 
to show how to mould this one with the steam-chest down 
ftud hoth bearers in the cope. This, aa will he seen, neQeg- 



t eitates the use of a three-part Bask, as shown at B, C, D, 

Fig. 197 and 302. 
Should it be thought deeirablo to carrj all the sand in 

the cheek by the use of bars, as seen at Pig. 203, then there 
, would be no Deed for the lifting-plate E; bnt the latter 
jjwill be found a very useful adjunct to the rig, and savea 




considerable expense and time when it can be subatitnted 
for the bara spoken of. 

The manner of ramming cheek and bottom flask when 
the plate E is used is to set the bottom half of pattern on 
a face-board with the steam-chest up, place the cheek over 
and proceed to rara, securing all OTorhanging sand, as in- 
dicated by F and G, by the insertion of irons reaching 
from the bgx inwards, as shown. All svich parte as exhaust 
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brinthes stuffing bo\rs etc can bo more easily lammed 
and secored bj using the pliite la this losi., but the t 





parting to be made at the upper edge of the steam-cliest 
flange. ThiB places all of the flange in the bottom flask, 
and will be found an important feature when setting in 
the steam-chest core. 

When the cheek is rammed and the plate flrmly bedded 

down on the eand and bolted to the cheek, as seen at E, 

Fig. 197, it will be seen that the only portion of parting 

which requires to be made is from the edge of the plate to 

r the edge of flange, after which the bottom flask is placed 

I and secured, as shown at E, E, Fig. 197, and the ramming 



After rolling over the two lower boxes and making good 




Hg. 203. 



J 



I the joint, set in position the two arbors ff and H, which 
B made to carry that portion of sand between the joint 
[ and the under aide of bearers /and /, Fig. 197. 

By referring to Figs. 204 and 305, it will be seen that these 
kwrbors are made so as to rrat on the ends some distance past 
Etlie flange of cylinder in both instances. Fig. 204 shows one 
P'«nd of pattern and sectional eleyation of arbor set in posi- 
tion, and Pig. 205 is plan of the same. Aa will be seen, 
provision for lifting with the cope, and separating when the 
latter is lifted off, is made by casting a nnt h\ each end. 
The points of separation are made at the I'uds by the 
I slanting bar A, Fig. 208, and along the back, aa seen at H 
i jrod H, Fig. 197. 



I am aware that a block-pi-int ami core will accomplish 
' all that the arbor does for this job, and is to be preferred 
in some instances ; but I deem it well to introduce the arbor 
hero, as it will be found to be a very useful device in gen- 
eral practice. 

In making patterns for each a job as this, it will be found 
best to liaye the two halves of the body separate from the 
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^^^teat of the pattern, bearers in cope, steam-choat, and all 
other appendages being secured to them by screws from the 
inside. 

As will be seen at F, Fig. 202, the lower end of cope and 
eheek are made closed edges, whilst the head end G, Fig, 
202, is made open, to allow of the bbdy core passing through 
a distance sufficient to form the runner basin around it, 
the gates being cut direct from the outer edge, as shown 
at 6 — the larger one, seen at 6G, being the riser. 
The practice of cutting a main runner around the upper 




i 
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coro-seat, through which the iron p^aes from one large 
lender, and from thence into the castlug at intervals all 
ronud, is not a good one, aa it ia more than likely that 
most of the iron, if not all of it, ia absorbed by those near- 
est the leader, the dirt, of course, following in its walte. 

It is to obviate this had feature of miiniDg that the 
method shown at Fig. 303 is advocated, because it allows of 
the main runner being made all round the core, and enter- 
ing the mould at aa many pJacoa as possible, always taking 
care to miss such cores as connect with the body, and thus 
assuring a thorough breaking up of the scum as it rises 
during the process of pouring. 

How to make the body core, aa shown in Fig. 203, ia 
fully explained in article on core-making. One special 
feature in those barrels, however, is that the lower end of 
barrel may be made so aa to close in the end by haying a 
solid plate on that end, the top to be the same as shown 
at Fig. 123 of the article quoted. The object aimed at 
by tliia device ia to secure absolute safety by making it 
impoaaible for any of the molten iron to find ita way to the 
inside of the barrel. 

To secure the lower end in all other respects, it ia shown 
that the seating is cut clear to the box end, as seen at H, 
Fig. 202, When closing, the body core is kept back from 
the box, to allow of a ramming of sand behind, which ram- 
ming is continued after the cope is closed over through the 
space I, which is left open for this purpose. 

To prevent the barrel from slipping when the mould ia 
turned on end, the packings shown at J are inserted. 

In making the bottom flask D the bars must bo arranged 
after the manner shown'at Fig. 30B, the central apace to be 
as wide aa possible, so that easy access may be had to all 
the vents and staples connected with the corea. 

At J, Fig. 197, is shown a space dug out, to allow of the 
exhaust flange being withdrawn. This, of course, is (he 




ijro MOULD A STSAM-CYLUinER m DRY BAND. 

only way of reaching this flango when the exhaust branch 
is made after this manner, and can only be dispensed with 
by the use of block cores, either rammed against the pat- 
tern or inserted into suitable bearings after the withdrawal 
of tlie pattern; botli of which modes are objectionable, on 
account of the seam produced at the junction of the mould 
and core. Wiien it is pi-acticable, as in this case, the 
method herein described is the best. 

The apace J ie to be packed with sand after tho core- 





cake JTand exhaust core L have been permanently fixed in 
their true positions. 

Cores ff and L, Fig. 202, are to be kept in tiie spaces 
shown behind them until the cheek is closed over the steam- 
chest core, when they can be drawn forth into tho seatinga 
prepared for them in the chest core, as seen ; and, as these 
cores must be hold in position by packing in sand behind 
them, provision must bo made for that purpose, either by 
having holes in the end of the flasks, or by cutting down 
to them from the joint at the most convenient place. 
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IKES FOR MOULDINa STEAM-CYLINDEKS IN 
DRY SAND. 

The subject of cores will now occupy our attention; and 
let me aay hei-e that too much importance cannot be at- 
tached to it, us too frequently we see disaster attend the 
nsing of cores which have not been intelligently made. 

Ordinary cores are not to be thought of for this claBB of 
work. The risk is too great : very many dry-sand as well 
as loam moulders refuse to use cores except those made by 
themselves, and unless the very best skill be employed to 
produce such cores, they arc perfectly justified in the 
course they pursue. 

It is my purpose, in describing how to make a set of 
cores for this cylinder, to give rules which will meet all the 
requirements in the simpleat possible way; and while some 
of them may not be new to men of a wide experience, it is 
safe to say that to countless others in the trade they will 
prove valuable information. 

The steam-chest as well as the ports and exhaust cores 
are shown in position in Figs. 197 and 303; a careful 
examination of the cuts will show how the chest core is 
made, as well as how best to secure it in its place. 

The grate or "core-iron" is made with prickers reaching 
into all the remote parts of the core, care being exercised 
to leave an open space opposite each of the three cores which 
are set on it in their respective seats; the sand between these 
seats is held firmly by the prickers shown. Sufficient bear- 
ing is left at the ends of each seating on which to rest the 
ports and exhaust cores, and it will improve the job very 
much if these bearings are made by setting in iron bear- 
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ingB when the chest core is made. It will be seen, aleo, 
that staples are cast into the chest core-iron, with which to 
bolt the sama firmly in its seating, as shown at Figs. 197 
and 302. 

To make port cores have the core-bos made open, as 
shown at Fig. 207, with end pieces with which to form that 
part, and a sweep to form the upper side. 




Fig- 207, 



^^1 The core-irons for all snch cores, of any magnitude, are 

' best made as shown at Fig, 208. The manner of making 
anch an iron is to have a pattern made the exact form of 
the core.print, but somewhat smaller, and abont three 
fourths of the depth of core-print; a correct impression of 
this print is formed in the sand bed, and into it are cast 
holes for vents, staples for bolting into place, and wrought- 

k irons, previonsly bent to form of core-box, of the reqnisite 
strength to form a strong core, these irons being farther 
^Sened by securing cross-irons with tie wire, as shown. 
L 
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When this core is made, have the ventB set after the 
manner shown at Fig. 209, which figure represents the core 
as cnt off at tlie top vents to show their correct pOBition, 
also to explain the manner of connecting the vent after the 
core has been dried. 

When the core is made, the vent-rods pierce the core and 
meet at A ; when dry, a gutter is cut from B to and the 




rope passed in at D; the gutter is then filled up eafelyand 
the rope withdrawn, leaving a clean vont-hole midway 
along the whole length of the core. 

The above-described method of venting is much safer 
than to attempt the di'awing of ropes through the core 
whilst it is green. 

It is needless for me to say that the above is the very 
beat way to make a port core, imd when once adopted the 
system soon finds its way to other cores of different shape, 
for it must be admitted to be the acme of BimpUcity. 

By referring to Fig, SIO it will be seen timt in no sease 
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lonM the above-described method be improved on, even in 
ftbe exhaust core for this Job, and again at Fig. 311, where 
■the block-print is again shown as used for an exhaust core, 




I which, coming out higher np in the mould, requires a more 
I elaborate core-iron than the one in question ; such core-iron 
rbeing simply two grates cast into the block-print A, 




icked between and bolted together Figs. 213 and 313 
Rllbow sections at print ends and Fig ~.li is suction at B. 
Two very important features m work of this claee are 
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Becuriag cores in their respective positions, and leading off 

the vents. By the adoption of the lilock-print absolute 
safety is assured as to tJie former, and the latter ie made 
equally aa safe by using pipes aa leaders. It will be readily 
seen how oue thing lielps the other in this case; for, on 
account of the vent-hole being in the solid iron, the pipes 
may be ground in to fit the hole, or tupped, as may be 
thought beat. Witli such a rig as this there need be no fear 




i. doing damage when the spaces MM, Fig. 197, are Iwing 
■ packed with sand after the whole mould has been up-ended, 
which operation needs to be done to prevent lealtage at 
those parts. 

If the principles laid down in the foregoing bo strictly 
followed there will bene difficulty in doing away with the 
use of paete or any other damp preparation. I would ad- 
vise moulders to avoid all such objectionable helps, as they 
not only soften the mould and cores, but also create steam, 
which is something not to be desired if good sound work is 
looked for; if it is deemed necssmry to use a stopping at 
any critical point, let jt be putty, which contains less mois- 
ture. 
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If cast stnds and chapleta are nsed for tbis cluss of work, 
be sure that they are new, or at least perfectly free from 
rust, and if wronght-iron is naed it is best to have the stock 
well ground before they are made, in order that the same 
shall be free from scale and rnat; the mere openition of 
heating stnda before using them is not always sufficient to 
destroy the accumulations of rust upon them, and if such 
studs are used and the heat be sufficient to decompose the 
rust upon them when the mould is poured, the disengaged 
gases will give trouble either by causing blown places in 
the casting, or, if enough gaa be generated, by blowing up 
the job. 

If studs are to lay long in the mould with any possibility 
of dampness reaching them, it is well to paint them, whilst 
warm, with a good coat of turpentine mixed with red-lead; 
this will prevent the rust from forming on them. 

If a mould or core is damaged by being chipped or 
broken, do not iittempt to repair such places with new ma- 
terial. It is much better practice to pound some of the 
same material simiarly baked, and moisten with very thin 
clay-water; this will adhere more readily than the new, 
there being lusa shrinkage in it. 

It will be found best, when practicable, to set all port 
cores back from the , body core as much, at least, as will 
allow of the fin being easily broken through after the cyl- 
inder has been bored; this allows any accumulations of fine 
^^_ dirt to pass upwards through the space, leaving it cleaner 
^^Lat that point by just as much as passed through the aper- 

t 



JACKET-CORES FOR MOULDING STEAM-i 
OYLINDEBS. 

The Bubjeet of jacket-cores is a verj important one, and 
denmndB our attention for a time. 
[ It is true that in many places tbey have so arranged 
Pvinatterg as to make a very simple job ont of what was once 
■ '■ Tery critical one. 

I think the most critical jackets to deal with in dry-sand 
work are those which allow of no other communication 
with the outside than can be obtained by about four round 
holes of the same diameter as the thickness of the jacket- 




Fig. IIS. 



I ■core, which in this instance we will suppose to be f 
inches. These ontlets, four in number, are equally divided 
at one end. Nearly all small cylinders of this class are 
made in loam, it being by many considered to he the only 
safe way to make them. 

I claim, however, that such a job can be made absolutely 
safe in dry sand, if the plan of making herein suggested be 
—adopted. 

Fig, S16 is the plan, and Fig, 316 is a sectional elevation 
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of the jacket-core ; A, B, C, aud D in plan represent the 
position of the four liolea spoken of, through which nil the 
gas generated in the core must paas, aa they are also the 
only onea through which to withdraw the aame after it is 
cast. 

It will be seen that the core-iron is simply » cage com- 
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i of three rings, aa ehowu hy shaded portion in plan, 
into wliicli are cast the rods, cast or wrought, represented 
by black circles in pliir ; at A, B, C, and D pipes are aub- 
stitnted for the aolid i-oda, through which all tlie gas will 
pasa, preparation for that object being made by filing holes 
at intervals along the pipes, aa shown at A, B, C and D, 
rig. 216. The white circlea on the plan represent holes 

Vti alternately with the irons and pipes, through which 

Sit-roda are passed when the core is made. 
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^^V TTo cast this cage, loake middle ring, and thrust ii'one 
^^^»nd pipes down into the soft bed the requisite depth, then 
CRBt and lift the whole into the second ring plnmb and to 
the correct depth ; another similar operation for the oppo- 
site end, and tlie citge is made. 

The four pipes must be long enongh to stand through 
the core, as shown at E,Y\g. 21G, eo tliat, when the jacket- 
-core has been made, the cores may bo slipped on and made 



To mHke such a core, strike up a dummy with bricks 




Fig. 217. 
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and mud, as loosely built as possible, and after thoroughly 
drying said dummy, and jireparing for separating easily, 
place over and around it the cage, set in tlie vent-roda b11 
round, and strike up the whole in loam of a good open 
nature. 

When this core baa been dried the dummy may he dug 
out, and the Tents connected after this manner. File ont 
a gutter opposite each of the holes indicated at A, B, C, 
and D in the pipes, and at the same time cutting into the 
verticjil vents B, as seen at F, 6, IT, and J ; into this gut- 
ter a greased rope must be set, and tlje gutter made good 
over it, the rope being drawn along as piece after piece of 
the break is mended. 



^^B^B7'- 
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When tliis has been done, and all holes, except the pipcB, 
have been secarely stopped, the core may be considered 
perfect one, as far as vents are concerned. 

At J and K I bare shown lugs cast on the ring, and 
afterwards tapped for lifting purposes, and at L will be 
seen how to make an absolutely safe connection when it is 
desired to bring the gas away through passages in tbe side, 
which is simply to cast a lug on the ring in correct posi- 
tion, and liave a main Tent directly at tlie back of the lug. 



pes, 
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This Ing is to be tapped bo as to receive a pipe which has 
been thi'eaded at both ends, the outer thread being used for 
secnring the nozzle core to the jacket. When this is prop- 
erly done, a direct communication is preserved with the 
core-vent, and no possibility of any iron finding its way 
into it. 

Fig, 217 is a plan of the mould showing body-core A and 
a sectional view of the jacketr<;ore in position. 

Fig. 318 is a side elevation of the mould showing the 
jacket-core A in position, supported by studs, as seen at 
AB, Fig. 219. 

To enable the reader to better understand the upper 
arrangement for setting the jacket, I liave shown the form 
of the top end of the lower half of the flask used for this 
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job at Fig. 220. It will be seen at B, Fig. 21 8, that, instead 
of parting the mould at this end in tho usnal way, I have 
carried the pattern, block fashion, as far past the end, 
and fnll eize of pattern, as will give sufficient bearing for 
the body-core, making the parting over the top, and leav- 
ing a good body of sand between the end of pattern and 
flaak, as seen at C, Fig. 218. 

Fig. 221 will explain the way in which the cores are 
arranged that fill the block, and at the same time surronnd 
the four vent-cores of tho jacket as well as the body-core, 
it being the end elevation of all the section cores, as they 

^^H^fpear at line D, Fig. 218 ; the staples also are Bhown, by 
^^"irhich the several sections are secured by hook-bolts — shown 
at Fig. 218— which pass through the holes marked 1, 2, 3, 
4, 5, 6, T, 8, Fig. 320, and are there made fast to cross-bars, 
the remaining four holes being those prepared for the vent- 
pipes. 

After section E, Fig. 321, has been placed in position, aa 
seen at ^, Fig. 218, the jacket^core is set, and sections i^ and 
F pnt in, as seen at P, Fig. 218. This disposes of the two 
lower holes, and liringa us up to the middle of the joint, aa 
well as forms the seating for the body-core, which is now 
inserted by entering it at the opposite end, that end having 
been made an open one for the puipose ; sections G and O 




Fig. 3ig. 
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■■aranow added, »b seen at fi. Fig. 318, and the whole capped 
with section /i, shown again at H, Fig. 218. 

A careful inspection at B, Fig. 316, will show how easy 
it will be, in this case, to make the outlet for the veiit se- 
cure. All that ia needed is to have the ends of the pipes 
threaded, on which can be screwed connections which will 
reacli through the end at holes J, J, J, and J, midway be- 
tween the figured holes, as seen at Fig. 330, also at J and J, 
Fig. 318. These holee must be made large enough to per- 
mit of sand being rammed round the pit>c, thus making 
_ ttfi whole job a Tery safe one. 





Fig. 121. 



Fig. 212. 



show how the moulder may control every chaplet and stud 
used in the job, and by so doing leave nothing to chance. 

It is best to have top studs secui'ed after the plan shown 
at ^and K, Fig. 318, and again at Fig. 219, clamps being 
either cast iu or bolted to the cross-bars for the purpose ; 
the end studs, shown in plan at Fig. 332, can be secured 
thus: Let bottom studa L and L, Fig. 318, besot back 
until the jacket-core is placed ; they can then bo brought 
forward and wedged behind ; tlioso at Jf and jlfbeing at the 
joint, can he readily adjusted, as also can the one at N; 
the one shown at can be set back so as to clear the jacket- 
core when the cope is lowered over, when it can be pushed 
forward and wedged, as shown, provision being made for 
this by leaving a band-hole at the point P, 




Another class of jackets are such as connect the outer 
with the inner aht-ll by a series of ribs lengthwise with the 
cylinder, allowing for ae many Beparate cores as there are 
ribs iu the casting. 

Usually a small hole is allowed on the bottom of each 
core, with a somewhat larger ono at the top, and this one 
can bo utilized for carrying off the gas. 

Of course these cores must all have their own vent ; but 
as this can be done by passing a wire or wires from one end 
to the other, these cores are not very difficult to manage. 

It is not a very difficult job to make sach cylinders in 




Fig. 226. 

dry sand. Fig. 226 shows sectional elevation of mould, 
looking at the end ; Figs. 223, 224, and 325 show plans of 
tho bottom half of mould and cores in section ; Figs. 223 
and 23i show the arrangement of all the cores, when the 
bore ia straight through. A in all the figures represents 
the hody-core as vesting on the jacket-cores marked 1, 2, 3, 
4, 5, and 6 in plan. Fig. 326, equally divided on each side 
of port-cores, indicated by broken lines at B. 

When the body-core has been set, all that remains to be 
done is to set the cores 7, 8, 9, 10, and II, Fig. 226, and 
proceed to close over the upper half of mould. 

It ia important that all these cores should be the very 
beat that can be produced, every precaution being taken to 
use none but what are perfectly sound ; the best core-iron 
for such a core is the one shown in section at Fig. S27, A. 
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biiiug section of core proper, exposing veuts, and B repre- 
Beutiug the addition at tho ends with gate or runner (J. 
Fig. 228 shows tlio form of tho iron as it lays in the core- 
box, and it la plain thut witli anch an iron there can be no 
difBculty in making a reliable core. 

Fig. 225 shows section of bottom half of monld with the 
cores all set, wlien there is to ho an internal flange cast on 
the cylinder, as shown in figure. 

The reduction of diameter of core, as shown at C, Figa. 
325 and 326, necessitates the use of two half-cores to fill 
the space, as shown at D, D, with body-core resting in bot- 
tom half. 




I Fig. 217. Fig. 138. 

By again referring to Fig. 226 it will be seen that, when 
body-core has been set npon block-core D, all that re- 
mains to be done is to secure the other half of block-core E 
in position, and proceed as before directed. 

In making flasks for this job, prepare for taking the gas 
out at the upper end of jacket-cores, by casting holes in 
the box end, through whicli to pass the vent-pipea, as 
shown at B and B, Fig. 233 ; also, in arranging the cope 
bars, let the end ones in each case ho placed so that the 
end spaces may be left unrammed, exposing about one third 
of the print end of the jacket-cores, as represented by 
broken lines in Figs. 233, 23i, and 235. This will enable 
you to make the whole arrangement of jackeUjores abso- 
lutely safe, by ramming in sand at the ends after tho cope 
B closed. 



MOULDING GUNS, HYDRAULIC CYLINDERS, I 

ETC. I I" 

When hydraulic cyliodera, rams, shafting, pipee, guns, I 

etc., become bo ponderous and unwieldy as to make it im- 1| 

practicable to mould them in top and bottom flasks, re- 
course is usually had to the method of casings, made to 
the form of the job for which they are intended, these 
being prepared for casting either by ramming sand in them 
— using a pattern to be drawn out endwise — or by " strik- 
ing" on the inner surface a thickness of loam, nsing' a 
spindle and sweep for that purpose. 

As the latter method comes under the head of " loam 
moulding," we shall pass it over and consider only such as 
are made in dry sand ; and as one good example taken in 
detail will serve to bring out most if not all of the prin- 
ciples involved in the production of this class of work, we 
will take for such an example a Hodman gun, about 16 
inches bore and 16 feet long, exclusive of sinking liead, 
which we will suppose to be about 3 feet long. 

To efEect an equal cooling of the whole mass, when cast, 
a stream of cold water is introduced into the barrel, 
through the top at A, Fig. 239, passing downwards to near 
the bottom of the core-barrol through a pipe inserted for 
the purpose, and again rising up, filling the space between 
the pipe and the barrel ; escapiug at B. 

The water is forced through at a pressure sufficient to 
enable it to carry off the heat as fast as it escapes from the 
casting, thus enabling those in charge to regulate the cool- 
ing of the gnu, so as to preserve an even grain throughout 
the mass, with comparative freedom from fi-acture, — some- 
thing it is next to impossible to do by any other knowna 
method. 
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Fuller details of the device for introducing the water 
into the barrel are shown at Fig. 330. 

Fig. 339 IB a sectional elevation of the whole mould and 
SaskB, as it stands in the pit ready to receive the molten 
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; by referring to enUrgcd phn of same, Fig, 331, it 
will bo seen that the section la takun at the points A and 
A, tbua revealing the position of the luuning gates, the 
lowest of which muet be Sf t to gne a lotiry motion to the 
molten iron. 
If these bottom gates are made large enough, siifficiont 



force will be given by them to kcop the iron revolving 
romiil tile core iintil it baa piisse<I the trunnions, and by 
this meana preventing the dirt from finding a lodgment 
there; the upper gates augment the speed of the pouring, 
which perceptibly slackens as the mould flils, and also serve 
tlie purpose of keeping the iron in good condition at the 
top all through the cast — something very desirable when 
we remember how clean such a casting must be. 




Fig. 233 shows full-length section of mould at the trunnion 
side, and also aids the reader in arriving at a full knowl- 
edge of the whole set of flasks or casings used. 

As shown at Fig. 232, and again in plan at Fig. 231, the 
handling of these flasks is accomplished by slings which 
are made to fit the swivels seen. 

That section which contains the trnnnion calls for 
special mention, inasmuch as the trnnnion pierces the 
casing, which is there strengthened by forming a circular 
box or pocket with an outer flange ; this, of course, mast 
be cast in one piece with the casing for that section. 

This pocket must be true to position, with a slight taper 




to receive tbe trunnion core wlieu the casing is rnmnied; 
over this a Btroiig pUite with swivel attached is boltcj. 
This, as will readily be observed, allows of this section being 
handled in the same manner as the rest. 

No one without some kuowledgo of pressures and the 
strength of materiala should attempt to prepare the ap- 
paratus needed for the constraetiou of a job like this with- 




out first consulting some one acquainted with such snb- 
jects. Disasters are happening every day on this account, 
and men ought to learn from bittM' experience the neces- 
sity for more knowledge upon matters so important. 

These flasks should be l^ inches thick at the bottom and 
1 inch thick at the top, with flanges and ribs corresponding 
to thickness of sides, and all flanges should be wide enough 
to allow of 1 inch of iron outside the bolt-holes. 

As shown, these casings are made in halves, parting at 
AA, Fig. 231. When made they must be bolted firmly 
together aud turned at tiie ends so that they will not only 
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li other true, but will alao fit the face-plate shown at 
lAA, Fig. 333. 

This plate is turned and prepared as shown, for the pur- 
pose of receiving the pattern, ^sk, and gate-pins of all the 
{^tionB. 

Fig. 233 ia intended to explain the manner of changing 




I- for each section; the reader will be helped very much by 
observing the plan view of the same at Fig. 234; on the lelt 
hand of Fig. 233 it will be seen that the pattern ie set for 
the smalleat or "bead section." These patterns are cast- 
iron, tniTied to size, and fitted with bottom guides to fit 
face-plate, as seen at C, whicii is turned to i-eceive the 
same. 
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This being the smallest piece, the gate-pin is guided by 
the inside hole at D, and the flask ie held in position by 
the ahoiildor at E. 

To form the moulds in the other flasks on the same face- 
plate and with eqnal facility and correctness, rings F and 
G — also turned to fit — are set on respectively, and the 
operation duplicated. 

The right-hand view shows these rings in position, and 
the flask for the breech set thereon and rammed; this, of 
course, is the largest in diameter; flusk H is seen over the 




edge of the outer ring, the gate-pin /occupying the outer 
hole. 

The bottom section of this mould may bo rammed over 
a face-board and pattern, or struck with spindle and sweep, 
or any other suitable gnide-way. 

A set of casings, got up after the design just explained, 
eradicates all the difflcnlties in obtaining a true mould, as 
moulds having a vertical height of thirty-five feet may be 
made in them, with comparatively no deviation from a 
straight line. 

The barrel for this core should be not less than one inch 
thick, and for obvious reiksona must be perfectly sound, 
with grooves at intervals around the circumference: the 
expense of cutting these grooves may be saved if, when 
the barrel is made, prints be set on the pattern into which 
cores may be inserted along its length. Fig. 235 will gite 
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some idea of what is meant; the form of groove shown is 
the luast likely to damage the barrel from shrinkage. 

These barrels should have at least J-inch taper in their 
entire length. 

There is naturally more handling of such a core as this 
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than is ordinarily the case, and, in order to facilitate this 
extra usage, I have shown at Figs. 23ti and 33T the neces- 
sary preparations. 

At A, Fig. 230, the gland ia shown which holds the down 
pipe in position as well as serving to make good the joints 
at the top. During the process of making the core we 
substitute the plate A, Fig. 3^6, for the one shown at A, 
Fig. 230j bolting it to the barrel after the manner shown at 



bhi^n 
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Fig. 330, and for the opposite end a. tapped liole is pre- 
pared, into which a threaded gudgeon ia screwed, as shown 
at Fig. 337. 

The ejes serve to liit by, and the turned shoulders give 
a true motion to the barrel as it revolves on its bearings, 
thus insuring a true core. 

It will be seen at Fig. 337 that holes are cast into which 
irons can be wedged and bent to the form of tbe core at 
the lower end; this is better than attempting to carry the 




Fig. MB. 



loam at this point with prickers, which are almost certain 
to be broken off the first time it is used. 

The gudgeon iit the lower end serves another good piir- 
pose, namely, that when it is desired to raise the core on 
end, previous to lowering it into the mould, the whole 
weight of the core may be sustained by it during the 
operation, keeping the core clear from all likeliliood of 
damage, as well as facilitating the operation in a very great 
measure. 

When the core has been suspended the bottom gudgeon 
can be taken out and the bole plugged. 
. The bracketed lugs, cast on the core-barrel, and seen at 
WB, Fig. 230, serve a double purpose in this case. As may 
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be observed, these lugs rest on the tripod C, at that point 
over the holes showu at plan of same at Fig. 238. Thia 
tripod miiat be of sufficient strength not only to enstain 
f the weight of the core, but also to resist tlie presanre nnder 
} the same when the mould is filled, which is far greater 
I than its own weight, as may be ascertained by conanltlng 
I article " Pressurea in Moulds," 

To accotDptish this the barrel is secured to the tripod by 




■feolts, as shown at BB, and the tripod made fast to the 

^ top flange of cising, as seen at B, Fig. 230. 

I Imve pnrposelj showu the leg on the left out of posi- 
tion, so that the whole aiTangement for setting this core 
might he shown. 

It will he seen at plan, Fig. 338, that there are two holes 
on the ends of each leg; one of these is to bolt down with, 
as at J), Fig. 230, and the other, being a tapped hole, ia to 
be used for raising or lowering the core when it is being 
set in position. 
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The terminations of the grooves in the bacrel are shown 
at EE, Fig. 330, about twelve inches higher than the top 
of the casting. 

Whatever soft material is nsed for wrapping the barrel 
before rubbing on the loam, be sure and iise no more than 
will barely cover the grooves, and thua keep ont the loam; 
for if too much of hemp, hemp rope, or hay is used, the 
pressure around the core will crush in the loam, the thick- 
ness of which in this instance should not be less than IJ 
inches. 

Some cores for hydraulic cylinders may be required as 
long as thirty feet. Tliese must of necessity be made in 
two lengths, and this can be accomplished very readily by 
adopting the method shown at Fig. 239, which ia a sectional 
view of the junction of the two core-barrels. 

The barrels must be made thick enough to allow of one 
being bored out about 18 inches deep to half its thickness 
at that point, and the other turned to a snug fit in the 
same, as shown; a keyway must be prepared to admit a 
taptred key, which, when driven home, will be equidistant 
from each side of the core, the spaces at the back AA, as 
well as the seam C, being afterwards made good. 

To close snob a mould with the core made as above de- 
scribed, let the casings be set upon each other until aa 
many are down aa will allow the first core to stand one foot 
above the joint of the npper casing, indicated by lines 
BB; tlie upper length of core can then be set as previously 
explained, and the remaining flaska closed over. 

In bringing theac articles to a close, I would say that it 
has been my earnest endeavor to introduce such jobs as 
would bring into operation methods which may be made 
of almost universal application; and whilst it would not 
appear that vei-y many examples have been chosen, it will 
be seen, if a careful analysis is made of the whole, that 
each examples as wei"e chosen embrace more of the every- 
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day difflcultiee which beaet the monlder than could possibly 
be found in the same number of any other kind or quality. 
It would, I know, have been easier to have selected a 
larger number, but the description of the m.etliods for 
moulding them would have been a mere repetition, and 
that I have endeavored to avoid. 




, and \ 



, TO MOULD CYLINDHICAL WORK IN TOP AND 
BOTTOM FLASKS WITH SPINDLE AND SWEEP. 



When a cylindrical casting is ordered, for which there is 
\ no pattern of the required diameter, the ordinary method 
I IB to make the job in loam, if practicable, or else lag op a 
[ pattern which is nearest to the diameter wanted; very 
often a new pattern is made at considerable cost, and never 
I used afterwards. 

All this annoyance and Iobs may be easily remedied by 
adopting the system which I propose to explain in this 
article. Furthermore, I am convinced from experience 
that very many castings may be made in top and bottom 
flasks with the spindle and sweep as good, and in as short 
a time, as from a pattern, thus saving the cost of pattern- 
making altogether in many instances. 

Sugar-mill rolls, rolls for copper and iron, pipoa, shafts, 
side-pipes, etc., are a few of the castings for which this 
method is eminently adapted, the only requisite for the 
successful accomplishment of which is a well-proportioned 
set of flasks suitably equipped. 
For the purpose of thoroughly explaining such a set ol 
1 detail, I have selected a roll 24 inches diameter, 
I with 12-inch necks, to mould. I am thns enabled, by aid 
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of the several illustrations accompanying this article, to 
show more definitely than could otherwise be done what is 
needed in their design, and construction. Ah will be seen, 
I have not attempted to fill in every detail, bnt have sim- 
ply given a general outline of the whole, with just enoogh 
of detail to make the explanation easy. 




^he best flask for monlding such work as rolls, pipes, 
, or any other plain cylindrical casting, is the one 
shown at Fig, 240, As seen, the sides are drawn over suf- 
ficiently to allow of about as much sand between the flask 
and the casting as there is on the back, which in this case 
ia about 6 inches : the width at the joint must be deter- 
mined by the amount of room needed for the upright ruu- 
ners. By referring to B, Fig. 241, the reader will see the 
position of such runner as arranged for filling the mould 
in preparation. A common error in making flasks for this 
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9 of work is that thej h 



t made i 



) proportin 

strong at tlie outset, the reeuH of which is that in a ywj 
Bhort time they become dangeroas, on account of their 
fractured condition, caused by tlie niioqual expaosion and 
contraction of the parte when in use. Let the Eides of this 
fiask be made of a aoiform thiokDesB of j inch, and hate 




the webs which connect the flanges come finsh, and from 13 
to lo inches apart, as seen at A, Fig. 240, and depend upon 
t you will not have much trouble from breaks if ordinary 
s exercised In the handling. 
When it is necessary to strengthen any part of a flask on 
account of extra duty imposed there, do not (if avoidable) 
try to accomplish it by adding thickness, but add weba or 
brackets to give the strength needed. Yoii tlien i 
your nliject without a saerifice of proportion. 
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Fig. 340 is a view of four such sides as I Iihvq been describ- 
ing, placed in position. The ends are purposely loft off, so 
tliat a view of the inside, showing the position of the bars 
B and C, can be obtained. Although the handles for lifting 
porposea are only shown at D and E, it is suppposed that 
at the sides will hare them. They are of wrought-iron, 
and need not stand out futther than is required to pass 
the chain through for lifting and rolling over. When, ae 
in this case, it is neceasaiy to cast in a vertical position, the 
lugs F, G, -ff, / are used for raising the mould on end and 
lifting into the pit. Be sure that these lugs are well secnred 
to the side by bracbets cast on each side of the holes. The 
thickness between the brackets can be increased to H 
inches, on account of the extra wear and tear of that par- 
ticular spot. At J is seen one of the plates which must 
be bolted along the back of the flasks wheu the bars ai'C 
nntrustworthy, or when the mould is so large as to make 
their use absolutely necessary. But with 6-iiich spaces 
between the bars, and G iuchea of sand from the mould to 
the back, the using of plates is superfluoua, provided the 
bars are made as shown at B, C, with the flange for bolt- 
ing to the sides continued across the back, the mould well 
rammed, and thoroughly dried. These remarks apply only 
to such moulds as we have under consideration, being not 
more than ten feet from top of pouring-basin to base ot 
mould. 

Another common mistake in making these flask sides is 
to fill them with holes other than the ones required for 
securing to the cross-bars: theao are a source of weakneaa, 
and should be avoided. If the holes for bolting the bars 
be made longer than their width, as shown, there will be 
Bofficient opportunity given for the escape of steam and 
gas. I would here say, that although I have shown all the 
slot holes in these views to have square comers, I favor the 
idea of rounding them at the ends, as they do not weaken 
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the casting ao mnch. Let the flange along the joint be set 
l)ack 80 aa to leave about -J inch apiice when they come to- 
gether, into which mud can be packed to prevent leakage 
when the mould ia poured. I have aliown this space in 
Fig. 240; it will also be observed that all the bolt-holes for 
binding the two parts together are in close proximity to 
the weba. This, of course, obviates the danger of pulling 
away the flange when the flasks are being screwed together. 
It will also be aeon that the bara B and G are shown solid 
all through. The remarks on superfluous boles in the 
sides ap])ly in this case as well; the fewer the holes the 
longer will bo the life of the bar, and the whole thing will 
be benefited thereby. I deem it well to state that all box- 
pui'poses such as we have been describing, shoald 
be cast under pressure; this gives them greater strength, 
id they are easier to handle and fit together. 
By referring to Fig. 241, it will be seen what kind of ends 
'are required for such a job. This view gives an outline of 
as much of one half of the flask aa is necessary to explain 
the method of rigging the ends. C is the upper end, and, 
like the lower one, D, must in this case be made not less 
than 1^ inches thick. In addition to the boles for securing 
to the sides, aa seen at C, there must be boles cast to cor- 
respond with those macked E, F, G, H, to be explained 
further on. The end D ia plain along its npper surface, 
excepting a half hole at the centre, to allow of the spindle 
passing through at /, but in end C provision must be made 
for tbe runners, as seen at A and B, and also for the feed- 
ing-head at /, 

The arrangement for the spindle is simple: four fixings 
are made, similar to the one shown at K, tbe inside edges 
must be planed true, pkced together in pairs, and hored, 
one to take the body of the spindle, the other a little 
smaller; this permits of a little being turned off at one 
end of tbe spindle to shoulder on both sides of the fixing, 
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anil Berves to prevent the spindle moYing endwise, as sliown 
at L, Thia fixing not only serves as a bearing for the 
spindle, but, as will be seen, forma the joint also. When 
one has been bolted at each end of one of the flasks, as seen 
at K, Fig. 241, pUice in the epindle and set on the other 
flask, pinning it in the usual manner, i'and L, Fig. 340, 
show two of the pin-holes, and similar ones are supposed 
to be OE the opposite side. The other fixings can now be 
brought over the spindle and bolted to the upper flask, 
taking care to have a close fit, with no possibility of their 
shifting during the operation of sweeping the mould. 

Fig. 241 is a representation of the apparatus for sweeping 
the mould. The spindle M is resting on the bearings E, 



and the sweep N secured to arms and P stands vertical 
to the swept mould. The surface of the joint is made to 
the planed edge of the end fixing by using a straight-edge 
wliich rests on both ends, and must therefore be as accu- 
rate as the bearings themselves. 

I have shown the runner for this roll extending along its 
length to the lower neck, at which place it is best to run these 
castings after the manner shown in section at Fig. 242. B, 
Fig. 242, is that half of upright seen in Fig. 241, and con- 
nects with gate C, so placed that the fluid iron, on entering 
the mould, shall strike the outer surface. This gives it the 
course indicated by the arrows, and of course imparts a 
rapid circular motion to the iron which drives the scum 
and dirt to the centre, to be discharged into the feeding- 
bead when the mould lias filled. 
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To prepare these moulds, begin by ramming the flask full 
of good ordinary floor-sand, not over dump; strike off the 
joint about i inch below the fixings at the ends; mark ofl 
the mould to the sweep, and then cut out the Band about| 
inch clear of the sweep all over; then moisten the surface 
with thin clay-water. It ia now ready to be swept, and 
whatever has proved itself a good dry-sand facing for heftyy 
work will muke a good loam for thia purpose, by adding 
water euflicient to bring it to the right consistency for 
working easily. Let a little, which has been made extia 
thin, be rubbed well over the surface before the loam ia 
applied; this helps it to adhere to the sand. 

Whilst this is stiSeiiing go through the same prooeaa 
with the other hitlf, by which time the first will be hard 
enough to receive the finishing coat, which need not bo 
any other than a little of the same loam thinned down with 
water and put through a fine riddle or siere. Por rough- 
ing it will be found best to push the sliarp edge, and ia 
finishing the chamfered edge, through the loam; and should 
it be required to duplicate a job often, it is advisable to 
bind the edge of the sweep with hoop-iron. 

When the mould has been swept, the joint can be fin- 
ished ofl with the stn light-edge, the ^-inch clearance allow- 
ing of just 80 much thin loam being struck on at that 
part. Thia gives a good even surface, much snperior to 
anything got by sleeking with the troweh 

I might here observe, that where much of this work is 
done, a half runner of the required size conld be made and 
bedded in the sand when the flask is being rammed; the 
same in regard to wobblers, etc., as shown at Fig. 243, One 
half of these can be made to tit the spindle, and rammed 
into position before the sweepiiig tukea place. For the 
benefit of snch as have not had any experience in mixing 
blacking for such jobs, the mixture given below will be 
found nseful: 
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To I of best mineral, add i good lieavy chnroonl, ^ j^^^H 
XX silver lead, ^ of hard Lehigh blacking. Mix to t^^^^| 
right consistency with clay water, just thick enough to i 

color the band. 

Whether the mould ib blackened wet or dry, there shonld 
be about ^ inch uf this bkckuuing brushed or Bwabbee 




all over it; but it ia by far Llie best to blacken the mould 3 
while green. 

I shall not waste time and space to prove tho necessity 
of thoroughly drying all moulds, especially of pieces that 
are to be bored or turned, for it must be plain to the moat 
ignorant that tho freer a mould is from steam, the greater 
is the chance of securing a sound casting. 

I do not consider rolls to be in any sense an exception to 
this rule; therefore, however urgent may bo the demand, 
I deem it an injustice to the founder to expect a sound 
casting if time ia not allowed for drying the mould before 
it is poured. 
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Fig. 344 is a yiew of this mould reeting on end in the pit; 
The ninner-box A and foediug-head B are shown, in poai- 
The pit has a 12-inch wall built around it, capped b 
t cast-iron ring two inches thick. After the two parts are 
jtolaced together, and sccared by bolts, as seen at O and D, 
[g-bolta like the one shown at E are secured in the four 
md lugs, It short strong chain for the purpose can be bitched 
D the bottom rings, and the mould raised on end; all four 
~ can now be used, and the whole lilted clear and lowered 
into place in the pit. 

Fig, 345 is a sectional elevation of the feeding-iiead rest- 
I ing on the box; it m seen to increase in diameter uatili^ 
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nibout the same size as the neck, and 13 or 15 inches deep. 

I'hia needs to be done bo us to have a supply of liquid iron 

re, to follow up the shrinkage which takes place in the 

mould immediately after it is cast. 

It IB wise in some instances, as when the iron is nnre- 

KHable, or the feed-ing-head necessarily small at A, to use a 

Kfceding-rod, pushing it through the head and down into 

ftthe body of the roll; this keeps open the communication 

(rith the supply above, and thus prevents a drawn spot at 

■'the j'uuctioi; of the neck with the body. The running-head 

Bw well as the feeding-head are best made in dry sand; it 

Badds materially to their safety, besides being cleaner. 

To prepare this runner, have a plate, 0, made to clip 
iie outside of the flask and the form of the runner-box; 
^ith wrought pins cast in to correspond with end holes, so 
nbat after the ring-bolts are taken out the holes will serve 
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to secure the plate to the fluak. The frame marked F is 
DOW placed on the plate G, and the runner mised to the 
level of the frame by « core made for the purpose. When 
this hsiB been rammed and swept off, it is ready to receive 
the running-head, which, having been rammed on a true 
Burface, is readily mbhed down into place. Should there 
be no mould into which the spare iron can be poured, it is 
beat to prepare a channel from the feeding-hi'ad to a good- 
sized pig in the floor, and run the whole of the iron through 
the mould. It is well, also, to keep the ninner as much 
higher than the feeder as will allow of most of the iron es- 
caping from it through the feeder, as described, as it carries 
away the sullage and cold iron, and leaves a good supply of 
clean iron to follow up the shrinkage. 

The general principles laid down in this description for 
making a roll will serve, with some slight modifications, 
for anything else of a like nature, and any of the ordinary 
top and bottom flasks can he converted into a s])iudlo'flask 
by having the ends made to suit. 

Flange-pipes can bo swept very readily ; brackets, nozzles, 
etc., can be easily attached by a system of block cores to be 
set to the sweep when the box is being rammed. Nor is 
this system confined to dry-sand castings; for with a little 
practice as good green-sand work may be accomplished thift 
way as from the pattern. 



PART V. 
GREEN-SAND MOULDING. 



PULLEYS, AND HOW TO MAKE THEM. 

When a firm contempljiteB making a new set of pulley 
p&ttenis it is very e-Bseiitial that more than one system be 
ooiiBidered. But very often eucli U not the case, the whole 
set, from the largest to the Bmalleet, being made after the 
aame model, only to be repented of after the espcnse has 
been incurred of making patterns which are not by any 
means the best for the purpose. It is also veiy interesting 
to obserre how Tarious are the methods of moulding from 
the same pattern, as I shall show further on. 

If I should enter a foundry and see a man preparing to 
lift the upper halt of the inside of a 6-foot pulley, 18 inches 
deep, witli gaggers and cheeks, and was informed that the 
pattern from which ho was moulding was a straight rim 
with loose arms, and that this was their regular system of 
making such a pulley, I should at once conclude that it 
would be beat for that firm to buy all their pulleys from the 
specialist, and the sooner they began to do so the better. 

As before stated, there are many kinds of patterns. Por 
example, we have the straight rim with loose arms; — an ex- 
cellent plan, because of the facility with which rims of any 
width desired can be made from them, by simply setting 
the arms in position to be central after the rim has been 
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dravrn to the width required. A Bectional view of bucIi 
pattern is shown at Fig. 346. 

Thea, again, we hiive tho pattern with the arms either 
cast to the rim or secnrod to it after it has been turned true 
on both faces, and good draught allowed on the inside 
(Fig. 247) ; also those made in halves, as shown at Fig. 248. 

Fig. 349 shows another form, being simply the top half of 
rim, loose from the body. 

We have in these selections a goodly array to choose from, 
and vhilst, in my opinion, the one shown at Fig. 24S ia the 
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est for general purposes, we cannot afford to ostracize the 
rest, for, as I shall presently demonstrate, they all possess 
merits peculiar to them, which cannot be denied nor be 
dispensed with, if we would make the best of our oppor- 
tunities. 

Beginning in' their order, as above described, we will 
proceed to analyze the several methods by which we can 
make pulleys from the loose arms and rim. Fig, 250 is a full 
view of such a pattern^6 feet diameter, 13 inches deep. 
The inside is rammed up to the joint of the arms, and the 
lifting-plates or arbor set down thereon. It will be seen that 
all these plates are bound together by clamps which are cast 
in when the arbor is made, as also are the three lifting- 
Btaples, A, B, and 0. Unlike most arbors of this kind 
which I have seen, I choose to have the flat side of tho 
plates down on the bed, as shown, because it is bo much 
easier to make the joint. To make an arbor like this, place 
the arraa on a true bed and mark off the clearance all 
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. be taken o 

After the cope is lifted off, 

B many fei't or gniile-piuB as are rcqiiisite can be set in, the 

' the marks serving rb a guide to place them. Be sure und 

make them large, so as to have good taper and plenty of 

leugth. 

I Fig. S5 1 shows a Bcction of plate, with foot A. The pat- 
tern for the plates can now be bedded to the lines on th« 
bottom, after which the clamps and staples can be sunk in 
th( 
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their ploooB. Be careful to have the ends of the o 
clean and well jagged, to take a good grip of the iron, or 
they will goon jar loose. Another important item is to tiare 
the connecting clamiis strong; otherwise it will soon be 
twisted out of shape. With snch a rig as this, pulleys can 
be made very readily. 

Of course, I am now speaking of such as have but one Bet 
of arms. When one with double arms is to be made, the 
bottom set of plates must be cast separate, on account ol , 
their withdrawal when the puUey is cjiat. If two 8 
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arm patterns are supplied, cast nuts in the loose bottom- 
plates to correspond with liolea in tho arbor-plates, through 
which bolts can be inserted to bind the two sets of platea 
together, after the top set of arms has been taken out and 
that portion of the mould finished. 

I incline to the opinion that no particular advant^e 
accrues from the nse of two sets of arms, for all that is 
needed to accomplish the job with one set is to cast three 
studs on the back of each of the bottom-plates long enough 
to give a sufficient body of sand over the arms. A staple 
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Fig. 253. 



ia also needed in the centre of the plate which is to pass 
through a spider made to rest on the Btnda. A key can then 
be driven home between the staple and spider, and all will be 
secure. 1 have shown this arrangement in plan and eleva- 
tion at Figa. 352 and 253. It will be seen that the whole 
rig can be keyed together off the monld and naed after the 
manner of the upper arbor. In this case the rim will have 
to be drawn out of the moald after the ramming lias 
reached the height of the spider, and placed back again 
after the arms liave been taken out, the monld finished, 
and tho upper portion of mould set down in place. Tho 
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1 now bo knocked out, the epider lifted awaf,1 
e mouid proceeded witli iu the iieuiil manner. 
I Although the arbor jnst dcecribed ia a good one, and tan 
many adinJrerB, yet ;ill admit its liability to warp out of 
form, so that it would appear that there Btill rumaina room 
for improvement. Fig. 354 is the sketch of an arbor which 
can be used very readily for all eizee from 12 inches to 12 feet 
diameter. This arbor is perfectly rigid, and cannot possi- 
bly get out of order. A good way to make such an arbor 




IB to make a pattern of one halt, quarter, sixth, or eiglithi 
according to eize of pulley. You then have the pattern by 
you ready for emergencies, whereas if they are made from 
rings and loose pieces the probability js that yon will have 
a new rig to make every time. In making this arbor cut 
ont to dear the arms (this allows of the iron coming down 
on the joint), and cast on good, etont feet, with plenty of 
taper, as directed for the plates. 

Before quitting the subject of moulding from a loose arm 
and straight-rimmed pattern, I would call attention to an 
ingenious way of using it in sizes from 13 iuchee to 30 
incliea diameter. Let us suppose one 30 inches diametar 



The first 



operation is to place 
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on a f;)CQ-botird and set iu tho arms (the best method of 
doing thia is to have a block which will not only centre the 
arms, but will at the same time form the joint), liave a 
three-part flask with cheek same depth its the rim, ram up 
the outside, joint, and then ram the cope. AVhen this is 
rolled over and the inside block taken out, the inside must 
be rammed a httle higher than the rim and a partmg made 
all over The nowel m this instance must be barred as a 
cope, to suit the form of parting Lot the nowel be 
rammed aud hf tf d off , the nm is now to be drawn out 
and the nowel put biuk, iiid ifter -.ecuimg the throe parts 
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(Fig. ISS. 



together, roll all back again into position. The top part 
can now be lifted off, and there being no rim in the mould, 
a good lift is absolutely certain. Pulleys up to the size 
mentioned cau be made very riipidly this way. By consult- 
ing Fig. 255 the reader will see the complete operation at a 
glance. The bottom cope or nowel has been replaced after 
the rim was taken out. The reason for making parting A 
with a rise is to help keep the core in place when it is rolled 
back. A few lifters laid in the core (us shown at fi) on the 
bottom aide will prevent any of the mould from falling 
away when it is being turned back. 

At Fig. 256 I have shown a method of making pulleys 
from patterns which have the arms either cast with or 
secured to the rim. The lifting-plates in this case are used 
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separate, and most be made witli a Rharp edge to &i agaioBt 
the rim, in order to insure a good lift, aa seen at A. Tlia 
lifting-iroiiB mnst be long enough te stand through the 
bars of cope, as at B, and the best way of connecting them 
with the plates is to have the hole iu the plate a little 
smaller than the iron, so that a shoulder can be forged odj 
to prevent them slipping through. Iu riveting the button 
underneath, leaye it slack, so that the iron can be turned 
easily iu the hole. This allows of its being twisted round 
to clear the bars of the cope. Pnlleys can be made very 

^^B readily from thtae patterns when the flnsks and lifting- 
^^ plates are in good ordei The handiest way of working 
them IS to ram the ineide first mike paiting at arms, 
and bed down tho plates, after which ram np to the top 
of the msido and loosen the jiattern all round before ths 
outside IS rammed After the cope is rammed the plates 
can be quicklv secured to the cope by wedging under 
the irons put through the eyes of the hfting-ii ons. The 
figure shows an iron flask with long pins, but if wood flasks 
are used, a little extra care in fitting ou good copes will be 
necessary. 

The pattern shown in the flask is 30 inches diameter and 
8 inches deep, but the casting required is to be 12 inches 
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Now, as this is not a loose rim, another method 
muat be adopted to deepen the vim aud have the arms in 
the centre when cast. In order to do this one half of the 
difference must be added to the bottom and the other to 
the top. The way to do this is shown In the figure. The 
pattern has been drawn two inches from the bottom at C, 
and the outside parting made two inches above the pattera 
at D, where a little draught has been given to the joint to 
save dragging np the parting. When the cope has been 
lifted off the pattern must be placed on the top part of 
mould and a strickle passed round under the edge to scrape 
out the sand level with the inside. This will insure a per- 
fectly even thickness all around, which could hardly be the 
case if the pattern was not used for a guide, a& directed. 
If the flasks for this class of work are made after the man- 
ner shown in this figure it becomes an easy matter to part 
the mould at the bottom, and this enables the moulder to 
finish his work satisfactorily. 

Pulley patterns which are standard and not more than 
two feet diameter, nor any deeper than six inches, are best 
made as shown at Figs. 248 and 349. I prefer the one at 
Fig. 248, for the reason that both halves are equally strong 
and less apt to get broken. Another advantage is that tliere 
is less trouble in parting the arms. If good headway is to 
be made with this class of pulleys, light iron flasks are in- 
dispensable. 

PULLEY MOtTLDING FROM SWEEPS AND C0BE8. 

Sometimes a pulley is ordered for which there is no pat- 
tern. When this occurs a very simple plan can be adopted 
to overcome the difficulty. 

Let us suppose the pulley to be of the same dimensions 
aa the one shown at Fig. 350, 6 feet diameter, 12 inches 
deep. Figs. 357, 358, and 359 wills how the d 
of such a job with very little explanation. 
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After a Biiitable hole has been dug in the floor in whfiA 
to mould thit pitlloj, set in two etraight-cdges and Gtriko 
off a true bed, in the centre of which ram up a good etout 
Bteiidy pin, after the mnnner shown at ,-1, Fig. 257. (It is 
supposed there is no epiudle or centre where tbia pulley is 
being made.) A plate, B, is now bedded down one inch 
below the surface, as at C, and the joint continued to tho 
surface of mould as at Z> Although this plate ia shown 
well up to tiie centre it really <1oob not require to come 
any further than the point wher« the cores meet eaoh 
each other in the hub thereby saving weight. The bqi^ 




Dace over tho plate is now to bo swept off level with t 
outside and a line struck to the inside diameter of rim, to 
be divided into aix and each division to be drawn to the 
centre Fig 2o8 shows tho cores made in halves joined to- 
gether and set into position; it wilt be observed that these 
cores when toguther are the exact depth of the rim. All 
that IS required now is to set sweep A, Fig. 258, and ram in 
l«?tw(en the cores spaces R, C, aud D ai'e shown as filled 
in and the sweip nniud round to the next space. Before 
proceeding to ram in the spaces the cores can be clamped 
together as seen at E Fig 353, as many being nsod as are 
thought r juisite observe that provision is made for mn- 
■aiag in the hub, and that the end of cores form print tor 
After this operation is complete hitcli OQ to 



) handles shown, and lift the whole thing out of the 
L'^onld, taking care to stead; it out of the feet shown at 
B, Fig 257 

Just here I will explain why I lift out the inside. It is 
customary, m making pulleys from cores and sweeps, to 
have segment cores to make up the outside, setting them 
to line and ramming behind them after they are all in po- 
Bition, but I have yet to see the ci^>ting made after this 
lanner that was true, or anything near it, therefore, I 
bink that the little extra labor entailed in lifting out the 




Fig 358 

inside ia more than compensated for if we gain a correct 
mtside by the operation. 
Fig. 259 ia a view of the bed under the plate, with parting 
1 round uud the bottom surface on which the sweep rests, 
a sweep is the one used for the inside, with the braces 
reversed and continued to the centre-pin, which it is sup- 
posed to lit accurately. The view shows the sweep as 
Laving been started at A and the upper side rammed as 
__far OB B. 1 hiive shown the centre pin as standing up 
e the bed on which the lifting plate rested. It will be 
i that in attaching the continuatiou of the braces, they 
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are ehonldered togoElier at C; this allows of their easy 
separation before the sweep ia removed, if it should be 
tliOQght desirable to do ao ; if the pulley waa rouud OQ the 
fiice then it would be requisite to do bo. To make a flange 
pulley by this method have a segmeut or flange for top and 
bottom, bed in the top iis you go along, the bottom one to 
he set against the Bwcep and withdrawn each move that is 
made. 
When the outside is rammed and fiuished it will take bnt 
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ihoTt time to complete the job. After the centre 
len taken out and the hole made good, place back 
inside and cover the rim with cores, aa shown at P, Fig. 257, 
The centre core is seen in place at G, Fig. 357; hut it must 
be remembered that the phig A is supposed to be out when 
the plate goes back, otherwise this figure may be taken as 
a sectional elevation of the mould when closed, cut through 
of arm-core on one sido and through the 
*Tf exposing handle //. 
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TO SPLIT A PULLEY. 

This ie generally conaidered an uupleasant thing to do, 
but I think that a considerable amount of the aiinoyauce 
is self-inflicted. Ordinarily too little care is taken in the 
preparation needed to insure sticcess in splitting a pulley 
or wheel. Some of the methods adhered to have been 
handed down to us by onr grand fathers, and wo stupidly 
insist on their use, good or bad. Very often it occurs that 
a split pulley is wanted in a hurry, and along with the pat- 
tern comes the splitting-plates, cut out of plate iron perhaps 
not more than ^ inch thick. Suppose the pulley to be six 




leet diameter, 12 inches deep, with a very heavy hub, each 
as shown at Fig. 26U (which is a sketch of the inside of pat- 
tern with splitting-lugs attached). In some foundries all 
that is considered necessary is to heat the plates and paint 
them with gaa tar, but it invariably happens that when 
there is a considerable body of metal that the tar burns 
away, and the plates are fast in places on both sides, 
making it difficult to separate the halves; in fact, it is no 
nncommon occurrence to break the casting somewhere else 
in the effort used to split it. Such a method as this ought 



r 



TBS mON-FOVimSR. 



Ui be abandoned at once. Again, at other places the aplit- 
ting-iilutcg arc treated to a thin coat of fine lonni, otid if 
the loam could be kept on tht^ni the phin wonid not be 
without some merit. But when spikes are thmst down 
each aide to secure them, it ia barely poSBible to keep them 
in gooil trim. Uowever much siiccese may attend the use 
of plates prepared this way, they cannot in any cose be 
usetl for packing wlieu the pulley is bolted together, being 
alack the amount of loam used to cover them. Some think 
oil will do, and others maintain that a coat of blacking will 
answer the purpose; but I need not waste words to prove 
the inadequacy of sncli methods to insure a good job. 

As before stated, Fig. 2G0 shows the inside of a pulley 
pattern with the splitting-luge attached. The prints seen 
on the lugs are to receive the splitting-plates. Lot pat- 
terns be made for these plates \ inch thick, with front edge 
feathered. The feather edge moat eot into the rim a little, 
and OS far back from the centre core aa vUl permit of tax 
ousy split. 

In moulding these plates nao such sand as will allow the 
hot iron to oat into It, so that the skin of the metal will not 
bo exposed : when cast, mb off the loose sand and spread 
a coat of very thin glue nil over the surface, over which n 
little fine burnt sand can ho dusted. When dried the snr- 
fiice will be very hard. A thin coat of black-lead, made 
with glue water, can now be brushed over them and ngain 
dried. They are now ready for nso, and will stand any 
nmonnt of handling. This method inuurea a clean split 
every time, and no trouble from blow-holes, from the fact 
that the material with which they are covered emits little 
if any gas when the molten iron comes against it. 
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TO MAKE SQUARE AND RECTA NGU LAB ■ 
COLUMNS. ^% 

It wonld Burprise many of our firat-claBS irwchinery 
naouldera (who affect to Ueapise the so-culled housework 
shops) if they were to stop inside one of the many 
foundries which make a specialty of architectural work, 
and see the adminible methods they have for pushing out 
work in short order. True, a great amount of the work 
done in these shops is of a yery plain sort, requiring very 
little skill but any amount of muscle to accomplish; yet 
it must be conceded that some of the castings require men 
of superior ability to make them successfully. 

We need only examine critically some of our large 
public buildings which have their fronts mainly of cast- 
iron, to be convinced that something more than ordinary 
skill was needed to mould the massive columns and en- 
tablatures of which the structure is composed. 

The moulding of what are called square columns has 
always been considered a leading job in a housework shop, 
and the man who has uniform success in their manu- 
facture commands good wages. A common method of 
moulding those castings is to ram the core (iu green sand) 
on an arbor or core-iron mside for the purpose; this arbor 
is simply a beam long enongh to reach through each end, 
with bars cast or bolted along each side to support the 
sand. The core-box is usually a smooth board bedded 
alongsido the mould, with loose sides clamped firmly to- 
gether to the required width. When the core has been 
made in this, the sides are taken off, and then it can be 
I off the board and lowered into the mould. This is 
I rather delicate operation, and needs care to have it 
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ictly ill the centre, otherwise the custing ia s' 
r on the thick side. To obviate this, studs have in 
tome iDBttincea to bo uat^'d to [tresa the core over in the 
* middle after the ends are secured in the centre. 

Another method is to make the core iu dry sand; bat« 
this is only a mukcehift at best, I will dismisB it at mm, 
a[id proceed to explain the method which seems to mo the 
snrest aa well as the most simple way of making square 
and rectangular columns, or any other casting similar in 
■ form; for I am persuaded that a considerable aaving a 






N sea 

K 

1^^^ mi 



F)g. 2ar. 

be effected in many of our machine-ehope by adopting 

me ready mode of working with green-sand cores. 

First, consider the pattern for a column 18 inches sqnare 

the one I have chosen for illustration being of such 

dimensions. The drawings are made isometrically and to 

d the strictest attention has been paid to propor- 

>tion throughout: by bo doing I have been able to show 

the details in actual position. Fig, 261 is a view of one 

ind of the pattern: it is seen to bo a plain block, and 

must be made long enough to meet all rcqnirementH; it 

is simply fonr stout boards well secured to blocks at short 

.ntervals along the inside; strong screw-plates must be let 

in on the under side an<l holes bored in Ihe top, thn 






vhich to lot down the screw for drawing out the pattern, 
as seen at Ji, The arrangement for atopping-ofl to the 
required length is simple. B and Care blocks which sot 
against stops D and E. TJiese stops are set back at a dis- 
tance from F sufficient to allow the front face of blocks B 
and C being on a lino with the mark F, such mark being 
the supposed length of the column required. When these 
blooke are drawn out they leave a true face agaiuat which 
to set fclie stopping-off cores. These cores are seen in posi- 
tion, and made good beliind, at A and B, Fig, 263, The 
cores are about 1^ inches thick. The one at A has the 
running gates ou its inner edge. An upright runner 
about If inches square is set against the gates before ram- 
ming behind, to he connected with the main runner at 
the finish. 

So much for the pattern. Let ns now turn our atten- 
tion to the mould, and begin by discarding the old method 
of bedding in the floor, for another which will not only 
give better results as to quality of work done, but quantity 
also. As before stated, the column chosen for the purpose 
of illustration is 18 inches square. By referring to Fig, 363 
it wU! be seen that top and bottom flasks are used, pre- 
pared with binges for the cope to turn in. These hinges 
Berye a good purpose in this case, since, there being no 
ncceasity to lift the cope away to finish, you merely hitch 
on to the staple {not shown) in front, throw the cope back 
at a convenient angle for finishing, and prop up behind, 
leaving it resting in the hinges until ready for closing. 

It mast he plain to any one that there is a considerable 
saving of both time and room by this method of handling 
the cope. 

The bottom flask is made up of loose aides and ends of 
the needed depth, held together by cross-bars bolted about 
every 3 feet along its length. As shown, it stands about C 
inches above the floor. This keeps the binges and flange 
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1 olear, and givps greater freedom to the moulder whilst 
working at the job. By cutting oat a gap in the eide of 
the view I am euubled to give a sectional illustratioD of 

, the whole job at Hint pai-ticular spot. The cross-bar is 
Been with broken line up the sides, which indicates the 

■ flangea for Iwlting togetiier. The broken line at the 
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bottom of the bar indicates a flange 4 inches wide, wh 
iinawers the double purpose of stiffening the bar and 
supplying a surface to resist the ihruet when the pressure 
is on the mould. 

The box must be made to take in the longest columns, 
as short ones can be monlded in it as readily aa in a shorter 
one. As there are to be no core-prints on the pattern, it 
is only ri-qnired to level a bed to the proper depth on 
jrhich to lay the imttern, then ram up the giJes and cope 
way, taking care to place the runners Cand 
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D, Fig. 263, convBnient for connecting with thoaa behind 
the cores previously spoken of. 

The pattern or block being drawn, and the monid 
finished, we will proceed to make the core, which will be 
rammed in the mould with very little trouble. Figs. 26'i 
and 364: are views of the mould at different stages of the 
operation of moulding the column. It iB supposed that 
all of the front side has been taken away, thus revealing 
the joint, side and bottom surfaces, with their several 
details, to be explained as we proceed. At Fig. 264 I have 
shown one of the loose patterns for the sides; it rests on 
the bottom of the mould. These patterns must be made 
of good and well-seasoned lumber, otherwise they will 
soon warp out of shape. They are to be the thickness of 
tlie casting required, with some draught allowed for easy 
drawing. The straps shown are of wrought-iron, and are 
Bniik flush with the pattern. A toe is turned on the 
bottom, which grips the pattern, and tlioy must be well 
secured with screws as shown. It will be seen at A, Fig, 
364, that the stopping-off block has been taken out and the 
core previously spoken of set against tho end of the 
pattern; but as it is not expected to cut these patterns to 
the length of column every time, the blocks at the opposite 
end remain where they are until the patterns have been 
taken out. The opeuing cores marked CDEFG, Fig. 362, 
are now to be sot in their places, and the ones 7/ and / 
must be set exactly in line with the front face of the blocks. 
All these cores are to be the thickness of the column on 
that side, and when in their places are to be covered with 
other cores miidc in lengths sfiitable for easy handling, 
and the width of the space between the side patterns, I 
have shown these cores in position from end to end in Fig. 
264. If they are carefully made and fitted snugly together 
there wUl be no fear of any sand working its way down 
into the mould. After spreading a little sand all along 
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tbe cores, set down the beam or arbor, making sure that 
it rests fiolid on them all. I have shown a portion of this 
arbor in position at Fig, 26-t; it ia simply abeam cast on its 
flat, in open sand, and can be used for all widths oyer 8 

I inches. AVhen smaller than this it ia safer to use a 
wronght-iron beam with holes drilled along its length. 
The plate being thin, it allows of more sand ronnd the 
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arbor, and is consequently safer. Fig. 265 will explain what 
I mean. If the reader will look at the cross-section of 
Fig. 263 he will see the disposition made of the core-arbor: 
the figure is purposely cut across the mould just whem 
the stud is used for holding down the arbor; tbe stud is 
seen standing through the cope and resting on a loose 
packing, which is placed on the arbor a little below the 
Borface of tbe core, to give extra thickness at that place. 
The best material for making the core is the heap or 
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floor Band, not oTsr-moist, but well mised, and shook 

through H coarae riddle; but should the heap be very 
rotten on account of a preponderance of burnt sand, then 
a little new may be well mixed through it. Avoid adding 
sea-coal by all means, as it only creates gas, and tht^re is 
quite sufficient for this purpose in the old sand which 
used. I might add that it is best to face the runner ei 
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for a short distance with the regular facing-sand mixture 
to prevent the gates fi-om cutting the core at that spot- 
To vent the core I have shown a J-inch rod laid on eaoli^ 
side of the arboi', about two thirds of the distance froiH 
the bottom; when the ramming has reached within } inoW^ 
from the top, vent in the direction of the rods, as ahown^ 
in Fig. 3. These long rods must bo drawn before the 
side patterns are taken out and sborter ones pushed in at 




TOE mON-FOm/DEH. 

[ thu ends, to bo witlidrawn after the cope is ou and the 
ends secured. One of theso vents is seen at E, Fig. ! 
In ramming cores of this kind it is always best to put in 
a little at a time, in order to pack it eolid witliout being 
unnecessarily hard. 

All thut remains to bo done after the patterns are taken 
ont is to set in the stop-off cores A, Fig. 262, with the 
upright rnniierB, and comiect with the cope rnnners, ae 
previously directed. 

I huve shown in Fig. 363 a device for seonring the arbor 

A. It projects through the ends of the flask, and is 

wedged under the cope at B; but provision must be made 

for holding it down in the middle also. It will be seen at 

|BB| F that a clamp ii cast in the box-bar, also in the 

w next bar to it; but as this one has been taken 

|IB away to admit of this view, it cannot be seen. 

'-^ The packing on the arbor most he placed bo that 

Fig. 265. (.(jg g^i,) ^„ ]jg jgt clown OH it after the cope 

is on, A flat bar can be then pushed through the slot, 

which must rest on the atud, and a wedge at one or 

both ends secures it. 

The column we have been considering is supposed to be 
a plain one ou all its sides, and if panels or mouldings are 
added only on the top side, it makes very little difference 
to the moulding of the column. But often these em- 
bellishments are cast on one or both of the sides as well, 
as seen at Fig, 3»)3. When this is the cjisc, the best method 
■ of moulding such is as I suggest in the article on 
Hinged Flasks, But if a superior cliiss of work is not 
I desired, draw ont the patterns and finish the mould, then 
set against the side strips of iron one-eighth or three- 
eixtcentiis thick, 6 inches wide and the full depth of the 
\ mould, from 9 to 12 inches apart, against which the pal^ 
' T the sides will be set {ef course they will require 
I much thinner as is the thickness of the stripa 
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need). The object of this is to prercat the patterns from 
rubbing against the finiehed luonld whilst drawing them 
ont. 

By having iron stripB, all the trouble from warping is 
obviated ; if care is taken to have enough of them to pre- 
vent the ramming from pressing too hard against the 
mould, and thus leaving their impression, a very fair cast- 
ing can be made this way. 

By the adoption of this method much time ia saved, and 
risk reduced to a minimum; also, the core being rammed 
in its place insures an absolutely even thickness, in conse- 
quence of which the result ia a straight casting every time. 



TO 



'0 MOULD BEVEL-WHEELS WITHOUT A F[JLL 
PATTERN. 

The spindle and centre can bo used to great advantage 
in the production of bevel-wheels, but it reqairea more 
than ordinai-y care on the part of both pattern-maker and 
monlder to make the plan a success. But if such care bo 
exercised there is nothing to prevent aa good work being 
made this way as can be got from tho whole pattern. 

I propose to show three methoda of moulding a bevel- 
wheel by the aid of the spindle, each of which baa claims 
for precedence, according to the form of wheel desired. To 
illnatrate this article I have chosen an ordinary coarae- 
pitched wheel, about three feet in diameter, the plan and 
elevation of which is seen at Eigs. 266 and 267. I do not 
purpose going into all the primary instmetiona for moulding 
such a wheel, as I take it for granted that any moulder 
who may bo entrusted with this class gf work will know 
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t prepanitiotiB are needed to inBure a good casting; 
'snSice it to saj, tliat the oeiitre, when set down in the 
floor, muBt be low enough to allow of the point of tuoth 
marked ^, Fig. 36T, coming level with the floor of the shop. 
Care is needed in setting dowo tlic centre, as the spindle 
mast be absolutely plumb before a start is mtide. I would 
also remind the moulder of the advisability of putting in a 

I good cinder-bed (the use of which will be aeen presently). 
Aa I intend these instructions to serve for castings « 
than wheels, I shall be particular to give the roiiaons " why," 
iu all caaoa where it will be advantageous to do ao. It ha« 
been suggested that A, Fig. 267, is the starting-point or 
Joint ; all above this point must come into the cope, aod, 
neceasarily, all below it will be in the floor, I speak now 
of the outer surfaces : the form of the wheel will determine 
I irhat disposition we shall make of the inner surface, or arm- 
i.«ores, — whether wo shall lift them away on plates, use djy- 
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Band oorea, or carry them in the cope. To better nnder- 
stand the Beveral modes of procedure we will miike our 
wheel by all the methods, beginning with the firat men- 
tioned, viz., lifting them away on pktea. Fig. 3 will ex- 
plain the matter. Point A correaponda with A, Fig, 2, 
and, as before stated, is the joint. B \& & sweep attached 
to the spindle, and ia intended to strike the exact form of 
the back of wheel; its edge ia made to correspond with 
the top face of elevation, Fig. 2, This bed mnet be made 
hard and true, and in order to insure accuracy let all the 
sweeps be made with the top edge G at exact right angles 
to the spindle, ao that a square resting thereon, and bronght 
up to the spindle, will test then- correctness. 

You now have a trite model of the back of the wheel, 
which must be prepared for parting and the cope rammed 
over it. An important item is to stake the box well before 
lifting it away, and take such pains as will preserve them 
and the joint from injury, while the rest of the mould is 
being made. The portion of mould above A has been ob- 
tained by striking a model and taking its impression aa yoa 
would from a pattern ; but the position below A will be 
obtained direct from the sweep D. The lower edge of this 
sweep corresponds with all the surfaces below the point A. 
The broken lines aeon on this figure represent a section of 
the wheel cut acroaa the centre, and will aid the under- 
standing if carefully examined. I need not say that much 
precaution ia needed in the preparation of this part of the 
mould, for accuracy as well bs solidity. 

In making this sweep it is well to have the surface E 
(which forms the bed for the teeth) made a little alack; 
this admits of the segment, with which the teeth are to be 
formed, being firmly set down in place. When the mould 
le swept, mark ofE the arms and set on the core-box ; also 
put l^ck sweep B and bring it into position at joint A. 
This will not only test the core-box, but will sweep ofE the 
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top of the cores exact with the imprcBsion taken in the 
cope. At F, Fig. 268, I have shown the liffcing-plato in 
poBitiou. By referring to Fig. 266, at A and B, it will be 
seen tbafc quite a large plate can be used in this case, thus 
enabling the moulder to make a safe cove. A method for 
eecuring these cores is ahown in article " Moulding Bevel 
and Mitro Wheels," 

When the wheel id large in diameter and very deep, thiB 




i the cores fit the places from whence 
LiQiey were taken with absolute certainty — something which 
cannot be said tor dry-sand cores in hardly any case. It 
mnst be remembered, also, that there is no shipping of 
cores in and oat of the oven, Shonld this wheei be made 
with dry-sand cores, the only deviation from the iustrnc- 
tiona giveu would be that, aa soon as the bottom part of the 



mould wafl swept, the teeth could be proceeded with at 
once, and the cores placed to thickness after the mould was 
finished. In setting in dry-saud cores it is well to Lave 
sweep B, Fig. 268, in position, so that they can be proved 
for depth, etc. 

To carry the cores in the cope, it will be necessary to 
change the cope-sweep, aud, instead of a core-box to form 
the arms and hub, these must be made as patterns, in the 
readiest way that suggests itself to the pattern-maker. 
Fig. 369 will explain this method, as in Fig. 268 the broken 
lines show the lower surfaces of the mould; the point -4 
is still the joint, but it will be observed that the bottom 
edge of sweep B follows the line of thickness down the rim 
and along the arm. WJien this has been swept out, the 
hub and arm patterns can be set in position, as shown at 
C and D, Fig. 269. The ramming of this cope will not bo 
as simple aa in the former case, on account of the cores 
requiring to be secured to the cope by gaggers and chucks, 
or grates bedded on the bottom and bolted up before the 
cope is lifted. When lifted off, the mould can be pro- 
ceeded with as directed for Fig. 268, In this case cores the 
thickneBS of the web E, Fig. 269, and in the form of spaces 
A and B, Fig. 271, must be set into place after the mould 
is finished. For all shallow wheels, hirge or small, this 
plan is the best. 

We now come to tho all-important part of wheel-mould- 
ing, to wit, the teeth ; and before entering on a description 
of the actual working of the methods herein suggested, it 
will be well to mention some of the evils we are accustomed 
to meet with in this line of work, such as swelled teeth, 
scabbed teeth, and wheels which evidence carelessness on 
the part of either pattern-maker or moulder, or both, from 
the fact of tliei-e being narrow and wide teeth all round 
the wheel. To make good sound teeth, sand must be used 
on which reliance can be placed — something which hag 
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stood tlie test. When satisfied on tbia point, be sure to 
have it thoroughly mixed with the requisite quantity of 
■ea-coiil, and not over damp. Before commencing to ram 
a tooth, thrust a vent-rod through tlie middle of the space 
down into the cinder-bed below ; rum a little at a time, 
firmly, but not too rashly, with a rammer made of wood; 
the bottom and all along the edge reqnire special attention, 
otherwise soft places will be found. It ia then that the 




Fig. 170. 



work of destruction begins if the tools are resorted to. 
Better destroy the tooth and make it over again, than to 
waste time in finishing and have bad teeth after all. By 
ramming the tooth with the vent-rod in place yon are sure 
that all eidea are equally benefited ; the wire can be with- 
drawn when the top is reached, and the hole pinned. 
This relieves all anxiety about the iron entering the vent 
if there should be any fin or clearance when the cope comes 
on. To secure correctness in spacing, take the time neceft- 
Bary to do it right. If the segment should happen a little 
HBder or over, don't imagine that you can bring it all rigbk 
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by making a little allowance either way as you go round, ouly 
to find yourself niiatakon at the last move, uiid, rutbor than 
destroy what is done, Bhaye off a little, or divide the dif- 
ference, as the case may be ; but try it again until it is 
right. 

Fig, 370 is an isometriciil view of the mould when swept 
as directed. The apindle is 3 inches in diamottr, turned 
all its length. The arm is bored to fit snugly, and planed 
along the top side to a right ai]glc with the bore. It is 
made to run loose on the spindle, and rests on a eollar held 
in place by a set-screw. Instead of securing the segment 
to the arm proper, I have shown an attucliment (which can 
be adjusted to the segment by the pattern-maker), the top 
inner surface of which is planed, and, as is seen, rests on 
the trued surfiicc of the arm. The planed surfaces allow 
of an easy adjustment of the segment, without fear of alter- 
ing the angle to which it was originally set. This arrange- 
ment admits of a set-screw being fitted on the top, by 
which means the segment can he lifted clear of the bed 
(when it is being tried around for the number of teeth) 
much quicker and without lielp. 

The bracket, seen on the hack of the segment, not only 
servos to secure it to the arm, bnt must be planed so that, 
when it is correct to the spirit-level, the face of the tooth 
will be at the angle required. When the segment is set 
correctly, put a bolt through the slot shown and screw fast, 
then lower the whole down into place aud mark opposite 
the lines on centre of teeth all round to tho starting-point. 
Should it be found to come a little under or over the num- 
ber of teeth required, increase or decrease the diameter to 
suit the case, bnt be sure you are correct before commenc- 
ing to ram the teeth, and take care to be exactly opposite 
the mark each move. The view shows three teeth rammed 
and the segment lifted clear of the last tooth, but it is not 
intended that the collar on which the arm rests aliall be 
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diatarbed, after it is once set, until all the teeth are made. 
When the teeth are finished take a segment or half-circle 
which fits the epindlc and extends to the diameter of the 
core, and bud it round the spindle to form a seating in 
which to rest the cove. Slionld a washer be required on 
the face or bottom side, similar to the one shown on the 
top, it can bo done the same way. If proper care has been 
exercised on all the details of this job, it will bo found, 
when closing the mould, that everything will find its place 
OS sorely as would have been the case if a full pattern 
been used. 
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MOULDING BEVEL AND MITEE WHEELS. 



Many moulders conaider the making of a bevel- wheel a 
simple job, but if they were made aware of the amount of 
time it takes to chip and trim the teeth, as also to correct 
other imperfections in the casting when made by the 
methods commonly in vogue, there is not the least doubt 
in my mind bat that they would be led to say that, after 
all, it is not so easy and simple to make a good bevel- 
wheel. 

No matter how popular the machine-made wheel may be, 
there will always be a great demand for wheels made from 
patterns when it is clear to the manufacturer that such 
wheels are needed often. This being admitted, it is im- 
portant that the best method of moulding bo adopted to 
secure a good casting, and at the same time infiiet the least 
amount of damage to the pattern. As is well known, there 
are many ways of making a wheel from the pattern, some 
of which it may profit us to examine into. At the right of 
Pig. 371, marked A, is shown a very common method of 
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moulding such a wheel. The drawiug represeuta a 6-foot 
bevei-wheel turned over in the bottom Hask, and the top 
part rammed. It will be seen thut wood-chiicks are driven 
between the bars of the cope, down in betwoun the arms, 
and lifters or gaggers distributed over the surface to help 
briug up the sand. Now it must be plain to any one that 

FiB. 271. 




miBOhief must ensue either to mould or pattern, or both, 
■when the separation takes place, If the pattern is held 
down to secure good teeth, then the arms suffer, for aa a 
natural consequence mnch of the sand is dragged off the 
iace of the mould which must be afterwards secured and 
made aa good aa the skill of the luooldor can make it; but 
wc know that although conaidemblo time may be spent in 
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the mending, it 18 never aa well done afi it ought to be. 
In some fouiidrieB they attempt to remedy this eyil by 
making tlio arms loose, and lifting them away with the 
cope, drawing tlieni out when the box ia turned over. And 
right here we have the cause of some of the extra labor in 
the machine-shop, for we all know that a pattern made 
with loose arms ia unreliable. All wheel patterns should 
be made with the arms well secured to the rim. Again, at 
other foundries they partially save the arms at the expense 
of the teeth, by lifting the pattern with the cope, securing 
it with BcrewB, and jarnng it as it lifts from the teeth. 
But I need not eay that it would require a much more 
elaborate arrangement thiiii four wood stakes against the 
uneven sides of a box, and the uncertain guidance of a 
man at each stake or pin, to save the teeth from being dis- 
turbed. TJsuiilly, if the teeth are not actually pushed over, 
but more or leES fractured, all that is considered necessary 
is to place the pattern back and go round with a hammer 
or mallet, and drive tlie pattern well down on its bed. It 
would certainly be ridiculous to expect a tnie wheel after 
such treatment of the mould, to say nothing of the damage 
done the pattern by such pounding. If, as is often the 
case, the teeth must bo made over again, it is needless to 
say we may look out for chipping and trimming with a 
vengeance. 

The method which secures the best results, both as to 
pattern and casting, is the one shown at B, Fig. 271 and 
Fig. 2T2. The joint of the flask is so arranged as to come 
level with the points of the teeth, the bars in the upper 
half being hollowed to fit the hack of the wheel. A stout 
liice-board is needed to correspond with pattern and flask, 
and after the bottom half ia turned over, plates (such as 
shown in section at B, Fig. 371, and in plan at A, Fig. 272) 
are bedded down in their places. The joint being made 
for parting all round, all that is needed is to ram the cores, 
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Becnring tliem well with irons, after tins manner ehown iu 
the drawing. Should it ho considered nocessary, irons oi 
the reqnisite atrengtli and shiipe may bo east in the plate 
to carry the biick of core at li. Fig. ST^; hut where the plates 
are in constant use, these get broken off, and recourse must 
be had to the loose irons. 

I think the plan Fig. 373, aided by section Fig. STl, will 
sufficiently esplaiu the method of binding the cores together. 
When these are all well rammed and the cope lifted, they 
can be all lifted cloan from the pattern and placed down on 
the three feet as shown, and the pattern taken out. It will 
be found that, if ordinary care has been taken iti the opera- 
tion, there remains little to do bnt close the monld as 
the pattern left it, exact, — a very desirable thing in any 
job. If a good loosening- plate bo bolted through the hub 
of the wheel, there will be no necessity to strike the pat- 
tern throughout the whole process of moulding, so that the 
pattern at the finish must be as good as when it was 
placed on the face-boai-d. Last but not least in the list of 
advantages Becured by adopting this method is, that a 
wheel can be made very much quicker. 
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8PUE-WHEEL MOULDING FROM A SEGMENT 
AND SPINDLE. 

5To foundry should be without good facilities for mould- 
ing circular castings with sweeps; for if the necessary rig 
were always on hand numerous methods would suggest 
themselves to the founder, whereby much would be saved 
both in time and lumber in the making of many such cnsl> 
ings. 
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Mnch loBB ia Buffered by some flrma becauBe of the snp- 
I posed coBt of preparing the spindle and its adjuncts for 
L this class of work, but I am persuaded that this supposition 
t is purely imaginary, as I shall attempt to show. 

All that is needed to secure good work by this method is 

to have the spindle of auffieient strength to support the 

Bwuep, and resist the thrust whilst it is being forced 

ronud. 

Fig. 273 is a plan of the centre required, and Fig. 374 is a 




4 



Fig. 373. 



Fig. 274. 



I aeetional elevation of the same with the spindle set in; its 

Ldimensions are as follows: Arms, 3 feet radius, 9 inches 

Kwide, 1 ioeh thick all through. The spindle shown is 3} 

Roches diameter, tapered to li inches along 13 inches of 

I its length at one end, so that, the hub in the centre being 

12 inches deep, 1 inch of the spindle will protrude. Have 

the spindle no longer than ia absolutely necessary to allow 

of 9 inches below the casting to top of centre, and as mnoh 

above the mould as will allow of the sweep being firmly 

attached, aa shown at Fig. 275. 

Let the spindle be turned and tapered in the lathe, and 
after moulding the centre (in open sand) sot it on end in 
the hub, pressing it down about X inch, taking care not to 
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have the centre reach abovo the taper when cast. To inenre 
an easy withdrawivl of the spindle, have a Uttle tallow 
melted thin, with which to cover the taper end ; over this 
eprinkle a little fine parting-sand, and be careful when pour- 
ing the centre not to direct the stream of iron against it. 
Another important feature is to have the spindle at right 
angles with the centre. 

By referring to Fig. 275 it will be seen that two kinds of 
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Fig. 275. 



arms are shown for securing the sweep. The one shown 
at A will doubtlesa recommeud itself to most moulders on 
account of there being no machine work noedad in its con- 
struction. The one iit B needs boring and also fitting with 
a set-screw: it Is less troublesome to set, but it must be 
remembered that it can only be placed on and taken off by 
passing over the top of the spindle, whilst the one at A can 
be released on any part of it by simply knocking out the 
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key. Fig, 27G shows a boBhiug or collar to be screwed fast 
to the Epindle when it is thought best to turn the arms 
loose on the spindle, aa is sometimes the case. 

The spur-wheel illnstrated in this article is about 6 feet 
in diameter, 13 inches deep, 8 inches centre-core, and hub 
14 inches deep, 4 inches thick; the arms have a centre-web 
and come flush with the idm, as shown in elevation on right 
hand half of Fig. 377. For such a wheel the centre must be 
Bunk 3 feet below the floor, and to set it securely let the 
end of each arm rest on an iron block or weight firmly 
bedded down. This done, a hard bed is made level mth 
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the floor and swept off, as seen at Fig. 375, The sweep and 
arms are now removed and a washer pattern, same diameter 
as the hub, and as thick as the distance the hub extends 
past the face (which in this case is 1 inch) is slipped over 
the spindle; the hole in centre of washer being made to fit 
I the same, to insure a correct match with the cores. The 
' cope is now rammed over the surface and staked at the 
corners; these stakes must bo protected during the process 
of moulding the wheel, so that the cope when closed will 
be sure to rest in its original position. After the cope is 
lifted off and flnishotl, a hole of the requisite dimensions 
must be dug and the washer again slipped over the spindle, 
round edge downwards,and bedded correct to depth. This 
can be accomplished either by marks made on the spindle, 
or from two points set in the joint to the cope-sweep, oq 
Viiich a straight-edge can rest, 
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The bottom bed can now be swept off similarly to the top, 
only tbat more cni-e ia needed to have the parts vbich form 
the casting as tme as possible. I am aware that in ordinary 
practice all that is now required is to place the dry-eaud 
teeth-cores in position, and set in the ami-oorcs, also made 
of dry sand; but a large experience in this class of work 
has conyinced me that it is impossible to make a true spur- 
wheel by this method: for, however careful we may bo to 
avoid it, the ugly fact still remains that no two cores are 
alike; consequently, the wheel must be untrae throughout 
its whole circumference, and is therefore untrustworthy. 
Spur-wheels thus made usually have short lives, and such 
as do not crash during the first few revolutions are broken 




piecemeal, the faulty teeth snapping off from time to time, 
to be replaced by wrought-iron ones at considerable cost. 

Fig. 278 will explain a method which obviates the difficul- 
ties spoken of. The core-box A for the arms is made ao 
that the outside shall correspond with the thickness of the 
rim; on this the teeth must be secured, and the best way 
to effect this is to dovetail them on, ho that they can be 
removed when not in use. After laying out the arms bed 
down lifting-plates shown in plan at B, Fig. 278, and in 
section at A, Fig, 277, The pattern can now be placed over 
and the cores rammed. I have shown a core ready for lift- 
ing away at 0, Fig, 278 ; whun the cores are all out, the way 
ia clear for moulding the teeth. In this drawing I have pur- 
posely left out the spindle that I might more clearly explam 
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the arrangc-ment for setting the teeth. The pattern sets 
back a little from the spiodle, but an iron guide D is let in, 
whioh 6ts accurately and clipe the spiniila This gnide bu 
a alot-liole iu it, throiigli which a good Ecrew aecurea it to 
the pattern. By this method the pattern can be mored in 




^^" or ont if it should be found neoesBary to alter the diameter. 
This, of oonree, will be disooveri^d when the segment hoe 
been tried all round. Be snre of a well-defined mark all 
ronnd the teuth before commenoing to ram, and set the 
segment to them accurately each move that is made, and 
the result will be a comparatively true wheel. 

The drawing shows the segment as huving been rammed 
once and moved around ; the side of tooth ia set against the 
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mud at E and also to the tooth-mark at F. When the 
teeth are ail rammed the epi'ndle can "bo taken out and a 
wpiece o( waste tlinist in the centre hole, over which sand 
f'Oan be rammed firmly, leTel with tlie bottom of core-print. 
The advantage gained by ramming tiie cores on the bed 
■will bo appreciated when the mould is ready for closing, aa 
the feet will guide them to their respective places with ab- 
solute correctness. Anotlier advantage is tliat cores and 
outside, being made from the same pattern, insures an 
exactness which cannot be expected by any other method. 
Should it be required to cast a shioud over tlie teeth on 
the top side, cut the cope-sweep to correspond with the form 
and position of the shrouding; this will leave a aaud pat- 
tern, as it were, the imperfections of whicli can be made good 
by finishing to a aliort segment pattern wiicn the cope is 
lifted off. But should the shrouding be needed on bottom 
side as well, it will then be necessary to put back the 
bottom sweep (after the cores are all out), fitted with a 
tongue which will not only form the shrouding, but wtil 
iilso strike out clearance sufficient to allow of the segment 
being withdrawn after |the teeth are rammed over it, as 
I flhoWQ at B, Fig. 377. 

f A good method of making the segments to he used in 
forming the bottom shrouding is to halve them along their 
length so that tbey fit wedge form at the ends, the top 
half to have its thickest edge to the front; this of course 
allows the upper half to slide down the incline, freeing it- 
self from the teeth as soon as it is toucbed-— a desideratum 
to be appreciated. My meaning will be seen at once by 
consulting Fig, 277 at C. 
The space at B, Fig. 277, will of course require filling up 
r the teeth are all rammed; tiiis can be accurately done 
' using a segment made to clear the teeth when it is 
The teeth will serve as a guide to set it by, 
i a few holes can be bored, through which spikes can be 
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thruat to hold it in place wliilst the sand 
against it. 




BPtTR-WHBELS OF DIFFERE^fT DEPTHS FROM 
THE SAME PATTERN. 

If a apur-wheel should be required 6 feet diameter, 16- 
inch face, and we liad a pattern on hand correct in every 
particalar hut depth, wo should very naturally look ahoot 
for some method of moulding it from soch a pattern at aa 
little cost as possible for alterations; and whilst there are 
many admirable methods for increasing the depth of epur- 
wheels, I e8j.iecially favor the one snggosted in this article. 

Suppose otir pattern to be 12 inches deep, with centre 
web fast in the arms, and suppose also that the wheel when 
cast must have the web still in the centre. We can readily 
accomplish this by building oue half the difference on the 
top sideof the pattern, which ill this case is 2 inches, as Been 
at EFG, Fig. 279. It will not be necessary to cover the 
teeth with this addition; simply saw out a few segments 
to set on up to the inside of the rim. 

Figs. 279 and 330 will explain the way to mould from 
Buch a pattern. It will be seen at A in both views that the 
pattern (after being rammed up to the under side of web 
and round the outside) has been drawn up 3 inches and 
held there by firmly tncking the sand under the web. The 
ramming is then continued np to the upper side of web B, 
and also to the top of rim C 

Aiter the cope is lifted off, the sand over the teeth at D 
Can be taken awiiy and the pattern again drawn up far 
enough to allow of tiio teeth being rummed level with the 
joint, after wliich the pattern can be drawn out and the 
mould finished in the regular manner. 
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But should it be required to decrease the depth 4 inches, 
which would make our wheel 8 iuchea instead of 16 inches 
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deep, the method shown at Figs. 381, 283, and 383 will over- 
come the difficulty. It will be seea at A that one half the 
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incliGa) has been attached to the under side of 
the web, thng making that side of the pattern correct. 
After bedding in the pattern thus prepared, make the part- 
ing inside the arms 2 inches above the web, as seen at B. | 
(This is simply placing asmnchsandoverthe web as there ia i 
wood under it.) This is done by using a strickle made to ' 
rest on the top of the pattern and projecting down far I 
enough to give the correct depth of sand over the web. i 
The parting on the outside must be level with the top of 
pattern, as seen at O. 

After this impression has been taken in the cope, two 
other strickles are needed — one to work round the outside 
down to D (Figs. 381 and 283), which will he 4 inches deep, 
of course. The other ia for the inside, and must roach 
to M (Figs. 281, 283, and 383), and will be just 4 inches 
deeper than the strickle first need for the inside. Aiter 
this is done it will be seen that the surfaces in the cope 
corresponding to C and B will cow rest upon D and E, 
the difference being the same iu both instances. In other 
words, B will exactly fit at E, because the distance from 
£) to E corresponds with the lift in the cope. 



A METHOD FOE MAKING IREEGULAR-SHAPEP 
PIPES m GEEEN SAND. 

There is in all probability hardly a foundry in exist- 
ence that has not, in some part of its career, had more or 
leas anxiety over the moulding of jobbing pipes. What is 
here meant by jobbing pipes are such as are called bends, 
elbows, tees, breeches, and all the varied forms of pipe 
■needed for the trade. In some cases the anxiety arises 
from the lack of oven convenience for drying the cores; 
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Bgain lanieut the cost of making tlie patterns 
es, whioh in some instances is great, causing 




J^-J 



of foundries to shun the business altogether. 
t may seem, it is nevertheless tme, that the 
l«ee pipes in the regular system is generally 
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distasteful to ull couoerued in their manufacture. n*he 
pattern-maker detests the frequent changes which must; be 
made with the old patterns, on acconnt of the dirt and 
nailawith which they are usually coy ere d, — these elements, 
aa we all know, being deadly foes to the keen edge of his 
tools, — and the monklers almost uniyerBally say they would 
rather make anything else than pipes. To save expense, 
the plan of striking the thickness on the core, and mould- 
ing from a dry-sand or loam pattern is often resorted to; 
but, on the whole, this is a very poor Bubstitute for the 
pattern and core- box correctly made. 




A very excellent method is adopted in some places where 
a large number of one kind of irregular pipe is required, 
which is, to cast the halves of the casting to be made : 
these are finished up and pinned together and used for the 
pattern, the core being made in green sand along with the 
mould. But such a pattern, valuable as it is for the 
purpose for which it was made, is utterly valueless for 
anything elae, 

Tlie method herein suggested is in reality a modification 
of the one last mentioned, and fully meets the require- 
ments of all interested, inasmuch as it can he made to 
answer for any and every kind of pipe required, be it 
circle, curve, or straight length, being simply as many half- 
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riuga or sections of the required dimueter and thickness as 
will form the halves of the pattoru from which the casting 
is to be moulded. These in conjunction with the half- 
flanges and core-prints are always ready for any order that 
may come along, the only thing necessary to be made being 
^ 'tti ia core-iron or arbor for the green-sand core ; thereby 

obyiating all the difficulty connected with the lack of oven 
facilities, aa well as cost of pattern making. 

The engravings used to illnstrate this Bubject will serve 
to explain the method more readily than could be done 
otherwise. Fig, 284 is a perspective view of the bottom halt 
of an elbow pattern formed by the rings, with flanges and 
coro-priiits set in position ready for ramming into the 
bottom box. All the preparation needed is to have a 
templet of rough board cnt out to the form of the inside 
of the pipe, to which the flanges can be secured, 
being laid on the face board in the right position, the ringa 
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preyionaly spoken of must bo placed over the templet or 
guide. 

By referring to Fig. 3S5, whicli is a plim of elbow, with 
the sections or rings marked off, it will be seen that they 
are to bo made tapering or wedge-shaped to any dimension 
suitable for the job, althongh it is well to make them as 
small as pnictic4ible, seeing that they mnst be mad,e flat, 
and not to the circle or curve of the pattern ; otherwise it 
would mar tlielr ueefulnesa in the places where it is nearly 
or altogether straight. The first sis, a, b, c, d, e,f, are seen 




to be all alike, and fit, side by side, round the circle. At 
g and h is shown the use of odd rings, at different angles, 
in bringing the joints to the proper angle for taking either 
wedge or parallel sections, as shown at i and /, Tho 
moulder may use his own judgment as to the propriety of 
making paniUcl sectionsj as at k aud I ; for, as will be seen 
by referring to the plan at g, the wedges may be reversed 
alternately, thus answering for the straight sections of the 
pipe, as well as the curves, Tbere will, of oourse, be some 
portions that the rings may fail in wholly covering; but 
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the ingenuity of the inonlder will overcome any difficulty 
that may arise in tbat particular. 

The bottom flask being ranimod and turned over, the 
templet and core-prints removed, aud after the prints have 

I 

^^Bbeen prepared for parting easily, the core must be rammed 

' and formed in the inside, over which the top halves of the 

flanges and the rings are to be set, thus con pitting the 

pattern ready for the top flask. Notiiing now remains hut 

to finish the mould in the regular way. 



Fig. 188. 
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Fig. 189. 



Fig. 290. 



I think it will be plain to any practical moulder, that 
when he posBesaes a set of rings such as I have described 
he can make any form of pipe wanted, of the diameter and 
thickness for which the rings were made. The method 
mast commend itself particularly to firms doing a large 
trade in crooked pipes, constantly changing in form, to 
snit the several pkcea which thoy must fit. Very often 
they are made in loam, to save cost of pattern-making — a 
very expensive way of moulding sack oaatiugs, we must 
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admit — all of which can he aaved by the adoption of the 
method herein suggested. Of course I admit there is a 
limit to its usefulnoGS, hut do not hesitiite to state that all 
pipes up to 18 iuches diameter, of whatever form, may be 
suGcesefully made at less than half the cost of making by 
the present methods. 

One important item in the moulding of pipes by this 
method is the core-irons or arbors. Very often (when it could 
be easily avoided) the irons are made iu one piece, and have 




to be broken oat, thus necessitating a new iron for each 
casting. There is really no need for this expense in the 
majority of instances, as they can he made in sections, 
cutting them at such places as will allow of their being 
drawn from the casting without having to be broken. Pig. 
386 is a perspective view of the core-iron required, show- 
ing a plan of locking two irons together lengthwise, C is 
where the end of A meets B. In A is cast an iron, formed 
like the letter L, so that its under side will be level with 
the top of core-iron, aa seen at D. A clamp, E, is cast in 
B to receive this iron, leaving space between for driving a 
hard-wood wedge, which will liold the two irons firmly 
together whilst the core ie being made and handled. The 
wood espands'as it absorbs moistnre from the damp sand. 
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and is therefore becoming more firm all the time until 
cast. Then, of coarse, the wedgo shriuka, or burna away; 
and gives freedom to the irons, making their withdrawal 
from the casting comparatively easy. 

Fig. 287 shows plan of core-iron for a pipe of that form, 
A joins £ at C, and the lock is seen at D. When cast, A 
can be pulled straight out, and B will travel in the direc- 
tion of the circle. All pipes which are but segeraeuts of 
circles, such as Fig, 283, need only a plain iron, with suitable 
arrangements for handling, and are easily taken out. 

Fig. 289 shows an elbow with long end. This iron joins 




together at A, and the lock is as before shown. Fig, 290 is 
a plan of pipe often made. It will be seen that A joins B 
at 0, making it easy to draw out each part separately. 

Fig. 291 shows plan of core-iron for a tee or cross-pipe. 
As will be observed, it requires a somewhat difEereiit 
arrangement to meet this case. Let tho reader refer to the 
perspective view of this iron at Fig. 293: it will be seen at 
a glance that a recess is left in core-iron £ to receive the 
reduced end of A, which passes in under the clamp and is 
then wedged firmly to place. It will also be seen that the 
wings cannot be cast on the reduced end of A, conae- 
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qnently loose ones are maile to be slipped on aftur the two 
irons are braced together. 

Fig, 293 shows the loose wing, the hole in which can be 
made large enough to admit of a wood wedge either under 
or over. These illustrations will, I think, he enfiicient to 
give an idea of the system o£ core-irons needed to save the 
expense of making new ones every cast. 



MOULDING SMALL CASTINGS. 



^^V There are many ways of moulding Bmall work where 
large numbers of one kind are required. Ordinarily when 
one or two only are wanted of a casting, such aa is seen in 
plan and section at Fig. 394, the pattern is placed along 
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Fig. 2M. 



with others in a flask like the one shown at Pig. 29C, taki^ 
eare to Joint down to the half of cnrve on the round edg 
so that, after tlie impression of the top side has been taken 
in the cope or top part of flask, the pattern can be with- 
drawn, the gates to the various castings being cut with 
tools for the purpose. All this is proper where a different 
casting (or castings) are made in almost every flask; but 
such castings arc in consequence very high in pricCj <hi 
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soimt of tho extra time required to make thorn. But 
when a large order of one kind of casting is given, a mach 
better method may bo adopted. A good method is shown 
at Figa. 295 and 29t), being an illustration of the match- 
board system, and eminently suited for this kind of work. 
?5 be turned bo that tho cope sido is at the 

ittom, and it will be more readily uuderatood. As will 
be seen, the match board takes the correct form of pattern 
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Pbp to the half of curve, as seen at B. The patterns — 
eight in number — are made fast to this board as seen in 
plan at Fig. 296, the gates also heing attached to board, the 
intention heing that when tho hoard ia lifted off, all the 
pattei'na shall be drawn at once with the gates ready cut, 
Afl tliis work ia small, a snap flask will be all that is 
required to mould thom. To accomplish this, let the 
. match-board he largo enough to pin on the flask, the pins 
Ing long, to reach through the board and into the up- 
: half of flask, aa seen at A, Fig. 297. Commence by 
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Betting the flaak down with board between, ram the now^^' 
Bnd roll over on a rougli board. (Let the engraving be no "^ 
reverged, so as to have cope side on top.) Set in gate-pE " 
C, and ram the cope; after lifting off the cope, tap th^^ 
comers of the match-board and draw oS. 

Nothing remains now to be done but cIobo the monl^^ 
oyer eiglit waahera, made in an incredibly ahort Bpace o—— 
time. 

Fig. 293 shows another kind of casting, which, if monldecS 





in the ordinary way, there wonld he very slow progress 
made, A match-board in plan is shown at Fig. 299; ten 
patterns are arranged with gates attached. Should there 
be any difficulty in drawing these patterns with the match- 
board, they can bo placed on the board loose and drawn 
from the sand separately. A section of such a mould is 
shown at Fig. 297. As will be seen, a fiaek is needed for 
such a job as this. The flask is shown, but though the 
pine are seen at the aides, it ia intended that they shall bQ 
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Hn at the ends, as shown in plan, Fig. 20it. Iron plates 
are of course secured to the edge of the flask througli which 
"the pin passes; these serve as a protection to the pin-hole. 
See A, Fig. 299, and B, Pig. 397. 

The simplicity of this arrangement is apparent, and will 
tecommeiid itself to any firm which once in a while 
receives an order for a large number of castings of a kind 
similar to those described, but have made them in the ordi- 
nary way on account of the cost of getting up an elaborate 
eystem of match-plates. The cost is trifling compared 
■with the advantages gained, as very inferior men can read- 
ily turn ofE treble the quantity of work they have been 

jOBtomed to by the ordinary system. 
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A METHOD OP MOULDING PIPES AND 

COLUMNS. 



About the year 1863 I was working at the Vauxhall 
Foundry, Liverpool, England; this firm had ou hand at 
that time a large order of pipes for the corporation of that 
place. Some of these pipes were of considerable magni- 
tude, and of such shape, sometimes, that the skill of the 
very bast mouldera was tasked almost to its limit to produce 
them successfully. 

Large numbers of straight lengths were being swept on 
end in loam, and, where practicable, patterns were made 
for the production of others by the ordinary methods in 
green sand. 

During this busy time I was mneh interested in some new 
arrangements which were being made for the production of 
straight socket-pipes 3 feet diameler and 10 feet long; but 
leaving the place before the plan was completed, I 
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nnable to witness the operntion. Howevur, I Icarncil 
afterwards tliat it worked admir&bly. 

Some five years after tliU h strike oceurrod at one of the 
shops in the town wliere I was then working, on account ol 
one of these machines being introduced there tor the mould- 
ing of small pipes, resulting finally, after great loss to all 
concerned, in its being adopted into the family of moalders 
employed there. 

Twelve years ago I was standing in the gangway of 
Delamater's Foundry, New York City, when I was accosted 
by a man who claimed to be the original inventor of the 
above-mentioned machine, and, for a slight consideration, 
offered to make us a model of the same in wood. His offer 
was accepted, and to work he went, borrowing tools suitable 
for the occasion from the pattern-makers. 

Uodel made to suit a short length of G-inch pipe, he at 
once proceeded to make the mould, which proved to be a 
correct demonstration of ail he had said — a really creditable 
piece of work. 

The model was laid away for fnture consideration, and 
to the best of my knowledge was never bronght out again, 
the business of the firm not being in that line. 

I am aware that the great and increasing demand for 
caat-iron pi^iea has necessitated the building of large plants 
for their exclusive manufacture upon the moat approved 
methods; in fact, some of the methods now in vogue are 
simply astounding, so rapid is the output, and of such 
excellent quality are the caatings. Yet, all this admitted, 
there is considerable merit in the method herein explained ; 
as much for its suggestiveness in the application of its 
principles to other kinds of work as well as to the object 
osed for illustration. See Fig, 300, 

The casting chosen for the purpose of explanation is a 
straight piece of 13-inch pipe or column. The first requi- 
site for this method is a table or bed-plate on which to ram 
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the two parts of the flask, which may be made of wood o 
iron aucordiug as the magnitiido of the job deinandH, Then 




two parts imiat iiectsssarily be cope or barred flasks, as thflj 
are to take the impreBaiou from the pattern, which remain 
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stationary on its bearings in the bed-plate. In order to 
accomplish this with accnrncy, cams are secured to the ends 
of the pattern, which are to rest on adjustable bearings at 
oaoh end of the bed-p!ate; this allows oi the pattern being 
withdrawn before the cope is lifted off the bed-plate; a 
simple half turn of the pattern being sufficient to accom- 
plish this. 

If the job is a large one, suitable gearing can be secured 
at one end for this purpose, smaller patterns being easily 
revolved by a long bar inserted into holes at the end. The 
accompanying illustrations will enable the reader to under- 
stand the whole matter at a glance. ^ is an end elevation, 
and fi is a plan of bed-plate with pattern C in position 
thereon. Lugs D and E, at both ends, must be arranged 
so that the cope and drag can be rammed on the one bed 
plate, either by inserting pins for the flask with holes and 
vic6 versa for the one with pins, or any other way which 
may suggest itself to the reader. 

I have given at F a view of the pattern raised by the 
cam into position for ramming; and at G the pattern Is 
shown clear of the mould above and ready for lifting away 
the flask. 

The two sectional eleyationa H and / will show more 
clearly the working of this method; J and ^are the adjust- 
able bearings upon which the cam revolves, and when that 
side of the cam which is the furthest removed from the 
centre is resting on the bearing, the pattern is one half 
above and the other half below the face of the bed-plate, as 
seen at F and H, the opposite being the case at G and /, 
which shows the pattern resting on that side of the cam 
nearest the centre of the pattern and away from the moald. 

At i I have shown a section of the npper and lower 
halves of mould when closed over the core; M being a 
side elevation of flask, showing Ing N with the pin and key 
in position. 
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When the quantity of castings required will admit of 
8ueh a rig being introduced, an amazing difference in the 
output will reaalt, as will be readily nnderstood wlien we 
consider that there is absolutely no finiahing of the mould 
required. 

~ INSTRUCTIONS FOR MAKING PATTERNS FROM 

MODELS, TEMPLETS, PLASTER CASTS, 
CARVED BLOCKS, ETC. 

Almost every branch of the iron trade has its attractiona, 
and strangers to the busineue are captivated when they 
witness for the first time the apparent wonders they see in 
the Boveral departments of a well-equipped ironworks. 
Bat the foundry has claims on the unitiated fer greater 
than all the rest combined. Mystery seems to shroud the 
manipulations of the moulder, and they exclaim "Won- 
derful!" at every new revelation which presents itself to 
their astonished gaze. 

Of course the average moulder does not share in this 
almost universal admiration for his trade : he considers it 
more or less a humdrum life, with plenty of hard work 
attending it, and hopes to get out of it as soon as he can. 
But in almost every foundry there is to be found, a few 
men who really like the work, and who are never so well 
pleased as when some job demanding more than ordinary 
ability to accomplish is given them to make. 

I am aware that there is considerable sameness when the 
moulding to be done is from a pattern, and the same pattern 
everyday; such an experience is certainly monotongua. Yet 
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even thie has its advantages. inaBmuch as Buch a job 
allows the mind free scope for other Buhjecta; and if full 
advantage be taken of this opportunity for thought, tunch 
good may come out of it after all. 

The subject I bavc chosen for this article is just such a 
one aa must he interesting to all thinking monldere; and 
while I have selected but a few illustrations to work on, it 
will be seen that they are snfBcient to explain the whole 
matter intolligibly, thus enabling the moulder to apply the 
principles to any other Job of a like nature. 

We will first consider what can be done with the templet 
and strickle. Fig. 301 is the sketch of a section of top and 
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bottom railing about 9 inches wide and ^ inch thick all 
over. These are made in various lengths, some straight and 
others curved at one end. A few hours, at most, will serve 
to make such a pattern as this by the method under consider- 
ation, the only outlay for pattern work being the strickle 
and templet on which it is to travel. First consider a 
straight piece of pattern, say sis feet long, and to the di- 
mensions given for Fig. 301. Let it be the top half. By 
referring to Fig. 302 it will be seen at a glance. Snchasthis 
can be made readily in a flask by securing parallel pieces 
(planed to a true surface) on the edges of the flask, as eeen 
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at A. The strickle ia shown resting on thcae piecee, with 
stop -B at one enii, to guide it straight. 

The first thing to be done ia to mm tlie sand very hard 
in the flask, and strike off the form of top side of pattern; 
this is the line marked P on the strickle. If this is care- 
fully done a true and hard surface is the result. Smooth 
over and dust on the parting sand, taking care to have no 
more on than is necessary to part the cope. Let the cope 
be evenly rammed on this and lifted away. Before pro- 
ceeding to strike out the thickness the bed must be pre- 
pared, as in this condition it would be altogether too hard 
for the iron to rest on. After such preparation ia made, 
then strike off the thickness, as shown at line marked D. 
I have shown a space outside the web at E. This is to aid 
in secoring a good inner edge when the web is deep, leav- 
ing the outside to be made up with a piece of pattern the 
thickness required. All that is needed now is the right 
man to finish up the mould— oue who haa made the use of 
his tools a study. Such a man will turn out a pattern by 
this method, equal in every respect to the one made from 
a wooden model ; in fact, very often much superior, as there 
is always great difficulty in keeping such light patterns in 
shape. Of course blocks can be made to fit them, but this 
is only adding still more expense; and why incur all this 
unnecessary outlay when it can be avoided with better 
results P All that is required when the pattern is to be 
other than straight ia to have the bearings on which the 
strickle works made to the required curve or angle. Sup- 
pose we want a curve on one end with a rise or a droop; 
what more simple than to cast two straight-edges in lead ? 
With these the problem ia solved, for they can be bent to 
any foi-m desired, and placed at the ends of the parallel 
straight-edges; thus furnishing the working plant for mak- 
ing any form of rail pattern required, or any other of a 
Bimilar form. 
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Patterns for lintels, cornices, sills, etc. , are UBintlly required 
'^to bo from i inch to f inch thick. If made of wood, they 
are very costly and are easily broken. An excellent method 
for making all such patterns is shown in Fig. 303, which is 
a perspective view of the templets A B, and strickle C, rest- 
ing on the ends. The pattern intended to be made from 
these is a lintel, about 6 feet long, 1 foot 6 inches wide and 
6 inches deep, with 10 inches rise in the arch. The design ie 
to be as shown on the strickle. The guide-stop D can be on 
either side or on both. All that is required to make such 
a pattern is to level a bed on the floor on which to place the 
templet, then, after ramming in sufficient sand to form the 
mould, the strickle, which forms the outside of pattern to 
be made, must he first nsed, taking care to have the face 
true and hard. Should it be required to continue the 
design at each end, then guides E must be screwed on the 
ends of the templet, on which to work the strickle np and 
down. When this is done, take away the templet and 
finish well before the parting sand is naed. Of course 
it requires care in placing the lifters and ramming the 
cope, so as not to disturb any of tho sand model, but 
when properly done a good impression can be had. When 
the cope is lifted off, the templet must be replaced, and 
after the requisite preparations for venting, etc., have been 
made, proceed to ram the core, and with strickle No. 2 
(which mnst have the required thickness allowed when 
made) proceed as directed for the outside. 

I may be pardoned for again saying that unless a first- 
class workman be entrusted with this kind of work, good 
results cannot ensue, as there are so many points to be 
watched, such as the even ramming, correct finish, and an 
eye at all times to the draught required to insure a smooth 
working pattern. 

Although I have not shown ends on the templet at Fig. 
303, they can bo put on when it is thought advantageous. 
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It will at ouce be Been tiiat this method may be appliod 
to a wide range of work, and that it costs comparatively 
nothing for pattern-making. 

The atrickle can be made equallyeiBcacioua in producing 
other forma of patterns; for circles are aa readily made by it 
as those we have been considering. Fig. 304 is au elevation 
of a half base for an 18-iiich column, ^j inch thick. Byre- 
fei'ring to Fig. 305 it will be seen that such a pattern can be 
madeotitbeaame principle us described for the flat surfaces. 
The strickle A works on circular bearings £ Cattached to the 
ends of flask D. The bearings are to be of the same diam- 
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t)«ter as the outside of ends of pattern required. The first 
strickle forma the outside, the impression of which is taken 
in the cope, after which the thickness is struck off, as before 
shown. But a much readier way is shown !it Fig. 306 to make 
this pattern; the cope is there shown as the templet instead 
of the nowel. To do this it is necessary to have the cope 
barred to suit the job and rammed from the inside, making 
flure to have the joint good and firm. The first strickle in 
this case forms the surface in whicli the core is to be 
rammed, and after treating it iu the same manner as before 
directed for parting, the nowel is rammed and both parts 
Tolled over together. When the cope is again turned back. 
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strickle No. 2 is naed to strike out the thicknees, and this 
of courae, will be the outside of the puttern. As a rule, th 
lattor method is the best, as it gives less trouble in ram-*^"*^ 
ming, and secures a better core with lees labor. It ia rigli -*^"«! 
to say hero that when method shown at Fig. 306 is adopted ^"^^ 
the euds must be of the same diameter as the inside oe::-*^ 
pattern. j 

Numerous illustrations might be given to show th^^ 4 

adaptability of this method to the production of otlier cir- '^ 

calar patterns, but I feel sure that enough has been said to«=i^ 

prove its adequacy; for by slight modifications of the ays ■ 

tern almost every emergency may be met successfully. 

We will now consider the subject of making cast putterna 
from models, plaster CJists,and carved blocks. Fig. 307 is the 
sketch of a newel-post, quite a familiar object, and needs no 
explanation. My reasons for selecting this post is because 
it furnishes capital opportunities for illnatrating the method 
of making patterns from carved blocks. This post is sup- 
posed to be 13 inches square at the base and cap, and 3 feet 
high ; such a post is usually made up of four thin slabs about 
i inch thick, mitred at the corners, and held together by 
internal fastenings. Being sold at so much apiece, it of 
course behoovca the founder to keep them as light as possi- 
ble, especially as competition in their manufacture is very 
keen. In fact, however massive any of this class of work 
may aeem, we may rest assured that it is just as thin as the 
manufacturer knew how to make it. Some of this work is 
really handsome, and tests the skill of the carver to pro- 
duce it, bat carving out the face side is not the whole 
difficulty. If (as is sometimes attempted) the back is out 
out to the desired thickness all over, the chances are that 
some parts will be cut through, whilst other parts will not 
be cut deep enough; and to avoid the former evil, it is 
couaidered best to be on the safe side, and the casting is 
consequently much heavier than it ought to be. All this 
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i cwn be euaily remedied by a very eimpleproofSB, Fig, 308 
"the perspeotiye Tiew of a slab of very plain design. It will 
"be Been that in making ench a slab from which to mould 
"the pattern sufficient lumber must be used, either solid or 
"bnilt in layers, to suit the form of pattern, and high enough 
"to leave the block firm after the deepest recesses hare been 
cut out. The block is to be mitred on the sidea its whole 
length, as seen at A; the line of thickness is also shown on 
the end at BC, and from this line let the block be weli 
tapered at both ends. 
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Fig. 305. 



"We will now show how to make a cast pattern from this 
block i inch thick. To do so, we require two copes that are 
an exact fit to the same nowel. Let the block be set face 
up (convenient for easy moulding) in cope No. 1 in the 
customary way for rolling over. Ram the nowel very hard 
and roll over both parts together. In making the joint, be 
sure of a little snrface past the feather-edge (for reasons to 
he explained further on), and he careful to have the joint 
at the ends exact to the thickness line; this impression 
must now he taken in cope No. 1, which must also bo 
rammed extra hard. Lift off tlio cope and lay back on soft 
sand, draw oot the block and proceed to lay in the thick- 
ness, which will be made of clay, after this manner: The 
best clay for the purpose is the rod, amooth kind; have it 
dried and crushed; then sift through a tine sieve and mix 



teuay al stiff pvttj. Kov Uy two strips i inoh 
k sakooth boutl as ha apart ae reqatied, and I'uH 
~ ■at Uw dkaj between. AU that is now needed is a knife 
and • little iii|:eiiaitT, and the claj may be eut »iid kid on 
tbe bard moald with the greatest accurucj, ever; part of 
the sorfaoe being oorrect to thickneas. It will now be seen 
vbf ibe bottotn was to be rammed so hard the first time, 
•od aW vhj the joint was to be extended past the featber- 
edge; in the latter case the thickness can stand past the 
edge a little vfaeo laid on, and pared ofE even with the joint 




afterwards. Now prepare for parting, and take this im- 
preBsion lu cope No. 3. (This will be the top part of mould 
and the back of pattern.) Should there be intricate parts 
in the lift, cUmp the two parts together and roll them both 
back on a soft bed. You can now loosen the nowel and 
lift the sand away carefully without disturbing any of tlie 
mould in tbe cope. When the clay is removed you have a 
perfect impressioi]. In finishing this, he careful to give 
good draft where it is needed. The necessity of cope No, 1 
is now seen, for the joint in this is the same impress as that 
in copo No. 2, and nothing remains to be done but to 
place in the back, bring on the nowel, and ram so as to give 
^ good, even casting. When this is turned over, cope 
ISo. 1 ends its usefulness by leaving you the joint exactly 
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coirespondiTig with the improsaioii taken iu cope No. 3, so 
"that you have an absolute fit wheu tliey are placed together, 
and an even thickness at every part of the pattern. Should 
the design be very elaborate, with many delicate edges, it 
"will facilitate the thicknessing very much if a coat of plaster 
be rnu over the pattern instead of the hard rammiug as 





Fig. 307. 



directed, thns leaving a good hard fa«e to lay the olay 
to. This is best where there is very fine carving and tlie 
pattern is to be extra light, such as for oniaments, flue 
mouldings, and all patterns for decorative purposes. 

When the model covers a large space it is customary for 
the designer to have it cast in plaster sections to insure easy 
and safe shipments. To make a pattern from such sections 
it will (in the majority of instances) be found best to cast 
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the face in the cope, Tliese sections will have no regular 
form on the back, as there is no particular attention paid 
to that part of the model, only to have sufflcient body of 
plaster to take in the deepest recesses; it will therefore 
require some modifications of the previous inetnictions to 
make such patterns face side np. Let the nowel be placed 
on the floor and proceed to ariange the sections of model 
(face np) in snch a manner as will be most convenient for 
moulding, and be sure that all the several pieces have a 
solid bearing, so that the ramming of the cope will not dis- 
turb any of them. As before, there will be copes No. 1 and 
No. 2 in this case. After the joint has been rammed very 
hard it must be formed carefully all round, and the whole 
face prepared for sepai-ation. Cope No. 1 will be now 
used, and as this will be for the mould proper, every pre- 
caution must be taken to secure a good face; and when 
rammed it must be lifted off and placed aside. Now bring 
on cope No. 2, and be sure to ram the face of this as hard 
as possible; when this ia laid back on the floor the clay 
thickness is to be laid on accurately alt over the impress of 
model as before shown, and after the necessary preparations 
for an easy separation have been made the nowel must be 
rammed, due precautions being taken to secure a good 
mould. The whole can now be rolled back and the cope 
lifted off carefully, so as not to disturb any of the mould 
under the clay. Nothing more is required but to finish 
cope No. 1 and the nowel, and then close The joints of 
course will correspond, for although the nowel-joint is the 
impress of cope No. 2, it must be remembered that both 
copes were rammed on the same joint, before the nowel waa 
lifted to be rammed on cope No. 2. 

I shall be excused, I think, for so much apparent repeti- 
tion in these instructions, because I know that, to those who 
have had no experience in this class of work, there seems 
more or less mystery in the use of two copes; but a little 
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ttonght will overcome all this, and the whole tbiog appear 
iu all its simplicity. To foundries wliere no pat tern-make ra 
lire employed a knowledge of the methods is indispeusable, 
as it places them (so far iis this ulass of work is concerned) 
on an equal footing with the best-equipped firms. 

To conclude : I would say that many ingenious contriv- 
ances will suggest themselvea to the moulder engaged on 
this line of work; as, for instance, a rough block with bear- 
ings for a strickle to work on can bo struck off in plaster to 
any design which runs the same along its whole length; this 
can be used as a model and backed out with clay thickness 
as directed. All such patterns as are shown at Fig. 301 can 
be treated this way, thereby enabling the moulder to choose 
either the method explained at Fig. 302 or the one just con- 
sidered. In fact, this article is but a mere oatliue of what 
can be done by these methods; for when once entered into 
it will bo found that scarcely any limit can be placed to its 

KfnlueBB. 



PART VI. 

MISCELLANEOUS ITEMS, EECIPES, 
TABLES, ETC. 



USEFUL RULES OF MENSURATION. 

Menbuuation of thb Oieclk, cylinder, Spherb, 
Squabk, kto. 

(1) The areas of circlea are to each other as the Bquarea 
of their dminetera. 

(2) The diameter of a circle being 1, ita circiimference 
equals 3.1416. 

(3) The diameter of a circle is equal to .31831 of its 
circumference. 

(4) The square of the diameter of a circle being 1, its 
area equala .7854. 

(5) The diameter of a circle multiplied by ,8862, or the 
circumference multiplied by .2831, equala the aide of a 
square of equal area. 

(6) The sum of the diameters of two concentric circlea 
multiplied by their difference and by .7854 equals the area 

^^HuOf the space or ring contained between them. 
^|H (7) The sum of tbo thickness and internal diameter of a 
^C^cylindric ring multiplied by the square of ita thickneas and 
by 2.4674 equala its aolidity. 

(8) The circumference of a cylinder multiplied by ita 

» length or height equals its convex aurfa«e. 
(9) The area of the end of a cylinder multiplied by its 
}ength equala its solid contents. 
(10) The square of the diameter of a sphere multipli ed | 
I by 3.1416 equala its convex surface. ^^^H 

m ^H 
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(11) The cube of tlie diameter of a sphere multiplied by 
.5336 eqntils ita solid contents. 

(13) The height of any spherical segment or zone multi- 
plied by the diameter of the sphei'e of wliieh it is a part and 
by 3.1416 equals the area of the convex surface of the seg- 
ment ; or, 

(13) The height of the segment multiplied by the circnm- 
ference of the sphere of which it is a pai-t equals the area. 

(14) The solidity of any spherical segment is equal to 
three times the square of the radius of its haso plus the square 
of its height, and multiplied by ita height and by .5236, 

(15) The solidity of a spherical zone equals the sum of the 
squares of the radii of its two ends and one third the square 
of its height multiplied by the height aud by 1.5708. 

(16) The aide of a square equals the square root of ita area. 

(17) The diagonal of a square equals the square root of 
twice the square of ita side. 

(18) The side of a square is equal to the square root of 
half the square of its diagonal. 

(19) The side of a square equal to the diagonal of a given 
square contains double the area of the given square. 

Of TniANQLES, Polygons, etc. 

(20) The complement of an angle la its defect from a 
right angle. 

(31) The supplement of an angle ia ita defect from two 
right angles. 

(22) The area of a triangle equals half the product of the 
base multiplied by the perpendicular height; or, 

(33) The area of a triangle equals half the product of the 
two sides and the natural sine of tho coutaiued angle. 

Ellipses, CoNEa, etc, 
(24) The product of tho two axes of an ellipBO multiplied 
by .7654 equals its area. 




I 
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(35) The curve surface of a cone is equal to half the 
prodaut of the circunifereiico of JU base multiplied by its 
sliuit side ; to which if the area of the base be added the 
sum is the whole surface. 

The solidity ot a cone equala one third of the prod- 
uct of its base multiplied by its altitude or height. 

(27) The squares of the diameters of the two ends of the 
frnstuDi of a coue, added to the product of the two diame- 
ters, and that anm multiplied by ita height and by .2618, 
equals its solidity. 

CAST-IEON ALLOYS. 

To Toughen Cast-ieon.— 10 to 15 per cent of wronght- 
iron scrap (stirred in) ; ^ of 1 per cent of copper (stirred 
in). 

WEIGHT OF CAST-IRON BALLS IN POUNDS. 
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TABLE 

Showing the Weight or Pressure a Beam op Cast-iron will 
Sustain without Destroying its Elastic Force when it 
IS Supported at Each End and Loaded in the Middle. 

All the Beams are one hich thick. 





Length 
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Length 


Length 


Length 
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6 feet. 


7 feet. 
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1,089 
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7 
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8 


9,088 
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12,100 
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9,500 
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12,826 


11,495 


10,285 . 
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15,264 


13,680 


12,240 


13 








16,100 


14,400 
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18,600 


16,700 



CHAPLETS. 

Thicknoss»of Column. Diam. of Stud. 
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WEIGHT IN POUNDS OF CIRCULAR PLATES ONE INCH 


THICK FROM 1 TO 108 INCHES IN DIAMETER. 
__ i 
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TABLE OF DDIESSIONS AND WEIGHTS OF BHOHT- 

LINKED CHAINS AND ROPES, AND PROOF OF CHAIN 
IN TONS, 

Habwell. 
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.75 


3i 
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11 
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18 
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5.25 
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8.7 
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9.35 










44 


10.75 










50 
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e* 


19.5 




' 


56 
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Pr«ot Btntln. 
Tons. 


tHa. of 
Chain. 

Indus. 


Proof Strain. 
Tom, 


luchM. 


Proof strain. 
Tora. 
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1 
3 
8 
4 




5 
6 

8 
91 


I 

1 


15 
18 



TO MEND CASTINGS. 

To Mend Holes in Castings.— Siilphnr in powder, 
1 part; eal-aramoniac in powder, 3 parts; fine iron borings, 
" > parts. Make into a thick paste and fill the holes. 

Note. — These ingredients can be kept separate, and 
nixed when required. 
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THE IRON-FOUNDBU. 




It 
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Sulphur, 3 parts; fine black-lead, 1 part. Melt the Bnl- 
phnr in an iron pan; then ai3d the lead; etir well i 
ponr out. When cool, break into small pieces, A euf- 
ficient ijnttutitj being placed on the part to bo menJed 
can be soldered with a. hot iron. 

B Cement foe coverisg Scabs or btoppino Holes in 

"Oabtinbb. — (This will resist fire or water.) — Equal parte 

of gum-arabic, plaster of Paris, and iron filings. A little 

finely pulverized white glass added to this mixture makes 

it still harder. Keep in a dry state, and mix with water 

J vhen wanted. 



To Fill Holes in Castings.— Load, 9 parts; anti- 
lony, 3; and biamnth, 1. Jvlelt together and pour 
'(Expands in cooling.) 
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WEIGHT OP DIFFERENT SUBSTANCES IN POUNDS. 

Cubic Inch. 
Antimony 242 

Bismuth 355 

Brass 819 

Bronze 314 

Manganese 289 

Mercury 491 

Nickel 818 

Fresh water 03617 

Sand 055 

Coal 0452 

B rick 0723 

Oak 0351 

Ash 0305 

Cork 0087 

Pitch pine 024 



CAPACITY OF CISTERNS FOR EACH 10 INCHES IN 

DEPTH. 



Feet Diameter. 


Oalls. 


Feet Diameter. 


Galls. 


2 


.... 19.5 


8.5 


354 


2.5 


30.6 


9 

9.5 

10 


397 


3 


. ... 44.07 


442 


8.5 


59.97 


490 


4 


. . . . 78.33 


11 


593 


4.5 


... 99.14 


12 


705 


5 


....122.4 


18 


828 


5.5 


....149 
....177 


14 


960 


6 


15 


1102 


6.5 


. . . .207 


20 


1959 


7 


....240 


25 


8060 


7.5 


. . . .276 


30 


4407 


8 


....814 
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THE FBACnoNAL PARTS OF AM INCH IN DECD 
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i + 
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MELTING-POINTS OF SOLIDS. 

MTV- 



Cast- iron . . 

WroHgbt-iron 3981° 

Gold 3587° 

Silver 1350° 

Steel 2301° 

Brass 1897° 

Copper 3550° 

Glass 3877° 

Platinum 3077° 



Zinc 

Cadmium 

Sallpelre 

Tin 

SulpUur 

Polassliim 

Antimony 

Biamutli 47fl 



STRENGTH OF MATERIALS. 

Tenaile or breaking strength ia the ability of tb« metal 
to resist a force tending to pull it apart. 

Elastic resistance is the tendency of the metal to i 
back to its original shape and dimensions. 
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^^■tbight of cast-iron pipes per lineal foot 
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PROM 3 INCHES TO 


10 FEET CORE. 
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5.51 8.71 


13.35 


16.07 


30.2 


25 


80 
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6.12 9.Q5 
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17.61 


23 


27 


33 


38 
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14.7 
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24 


29 


35 


40 


31 


7.33 11.47 


15.83 


30.67 
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87 


43 
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17.15 


22.3 


38 


34 


40 


46 


3i 
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24 


30 


38 


42 


49 


Si 
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19.6 


36 


82 


88 


45 


51 
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9.8 IE. 15 


21 


27 


34 


40 


47 


64 


r 
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33 


39 


85 


42 


50 


57 


4i 


11.03 17 


24 


80 


37 


44 


53 


60 


4 


11.63 17.91 


38 


33 


39 


47 


54 


63 


4 


12.35 1» 


26 


38 


41 


49 


67 


85 





13.86,20 


26 


35 


48 


51 


59 


68 


Si 


13.47 21 


2B 


38 


45 


53 


62 


71 


Si 


14.08 '33 
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46 


65 


64 


74 


1 St 


14.69 23 


81 


40 


48 


67 


67 


76 
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32 


41 


50 


69 


69 


79 
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34 


43 


52 


62 


73 


88 
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S5 


44 


54 


64 


74 


85 


19 


37 


36 


46 


56 


66 


76 


87 




18 


28 


87 


47 


67 


68 


79 


90 




19 


3S 


88 


49 


59 


70 


81 


93 




19 


89 


40 


60 


81 


72 


84 


96 




30 


SO 


41 


53 


63 


74 


86 


98 




31 


31 


43 


58 


85 


77 
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21 


32 


43 


55 


67 


79 


91 


104 




33 


33 


45 


56 




81 


94 


107 






34 


46 


58 


70 


83 


96 


109 




33 


35 


47 


59 


73 


85 


99 


113 




34 


36 


48 


81 


74 


87 


101 


115 




24 


87 


50 


63 


76 


69 


103 


118 




35 


38 


51 


84 


78 


93 


108 


120 ' 
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89 


53 


66 


80 


94 


109 


133 
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87 


81 


98 


111 


126 
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40 


54 


69 


88 


98 
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41 


56 


70 


85 


100 
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131 
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43 


57 


78 


87 
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118 


134 
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95 
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74 
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99 
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90 
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76 


85 


94 


103 


113 


123 


71 


80 


89 


98 


108 


118 
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74 


83 


92 


102 


112 


122 


133 


77 


86 


96 


106 


116 
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80 


90 


100 


110 


121 
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143 


83 


93 


103 


114 
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136 


148 


86 


96 


107 


118 


129 


141 


152 


89 


100 


111 


122 


133 


145 


157 


92 


103 


114 


126 


138 


150 
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95 


107 


118 


130 


142 


154 


167 


98 


110 


122 


134 


147 


159 
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102 


113 


125 


138 


151 


164 


177 


105 


117 


129 


142 


155 


168 
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108 
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146 


159 


173 


187 


111 


123 


136 
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163 
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114 


127 


140 


154 
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144 


158 
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123 
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166 
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205 
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214 
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154 


170 


186 


202 
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141 


157 
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190 


206 


223 


241 


144 


161 
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228 
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147 
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181 


198 


215 


232 
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202 


219 
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155 
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221 
228 
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243 
250 
258 
265 
272 
280 
287 
295 
302 
309 
317 
324 
331 
889 
346 
353 
861 
868 
875 
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890 
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405 
412 
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WEIGHT OF CAST-IRON PIPES— ConUfHua. 
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814 
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249 
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430 
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687 
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356 


844 
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706 
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445 


537 
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726 
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80 


179 
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368 


457 
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648 


745 


^H S7 


03 


184 


278 


373 


469 


567 


666 


765 
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04 
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285 




481 


581 




785 
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203 


308 


494 


596 


690 


804 
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00 
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300 


402 


606 


611 


718 


834 


41 


103 


2M 


808 


412 


618 


626 


734 


848 


42 
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815 


422 


630 


640 


751 


863 
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214 


833 


483 


543 


656 
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883 
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820 


443 


555 


660 


785 
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223 


337 


451 


667 


684 
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844 


461 


579 


680 
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■ 47 
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471 


693 


714 


837 
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481 


604 


728 


854 
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343 


306 


401 


616 
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248 


874 


500 
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888 
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381 


610 


641 


772 
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530 
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383 
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906 
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018 


763 


010 


1077 
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775 
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813 


469 
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817 


476 
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608 
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535 
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^^P WEIGHT OF CAST-IRON PIPES— Gonlinued. 
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385 
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971 
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1569 


79 
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587 


785 
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1308 


1588 


80 
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395 


504 


794 
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1199 


1386 


1008 


81 
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400 


601 


804 


1008 


1313 


1403 


1628 


ez 
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405 
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814 


1030 


1228 


1419 


1647 


8B 


SU4 
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616 
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1343 


1437 
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u 
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415 


634 


834 


1045 


1258 


1454 


1686 


86 


309 


430 


631 


B43 


1057 


1273 


1489 
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se 


213 


434 


638 


863 


1069 


1287 


1506 


1736 


87 


314 


439 


046 


863 


1083 


1303 


1523 


1745 


88 


217 


484 


653 


873 


1094 


13 IS 


1640 


1765 


88 


210 


409 


600 


883 


1106 


1339 


1557 


1784 


90 


233 


444 


068 




1110 


1348 


1574 


1804 


91 


234 


449 


675 


902 


1131 


1360 


1591 


1834 


93 


337 


454 


083 


913 


1143 


1375 


1609 


1848 


98 


239 


459 


600 


933 


1155 


1390 


1036 


1863 


94 


231 


464 


697 




1167 


1404 


1643 


1882 


&5 


384 


468 


704 


941 


1180 


1419 


1060 


1902 


96 


336 


473 


713 


051 


1193 


1434 


1077 


1933 


97 


21i9 


478 


719 


961 


1304 


1449 


1094 


1041 


98 


341 


483 


736 


971 


1317 


1463 


1711 


1961 


99 


244 


488 


734 


981 


1229 


1478 


1739 


1980 


100 


348 


493 


741 


990 


1341 


1493 


1746 


2000 


101 


249 


498 


748 


1000 


1353 


1508 


1768 


3030 


103 


351 


503 


756 


1010 


1266 


1523 


1780 


2089 


103 


2S4 


508 


763 


1030 


1378 


1537 


1797 


2059 


104 


356 


518 


771 


1080 


1390 


1553 


1814 


3078 


105 


2r.8 


518 


778 


1039 


1303 


1566 


1833 


2098 


106 


201 


533 


785 


1049 


1315 


1581 


1849 


3118 


m 


363 


537 


793 


1059 


1337 


1596 


1806 


3137 


108 


268 


533 


799 


1069 


1339 


1610 


1883 


3157 


109 


268 


537 


807 


1079 


1351 


1625 


1900 


3176 


110 


371 


543 


815 


1088 


1364 


1640 


1S17 


2196 


111 


273 


547 




1098 


13T6 


1655 


1934 


3216 


na 


376 


553 


829 


1108 


1388 


1669 


1953 


2335 


113 


278 


657 


837 


1118 


1400 




1969 


2355 


114 


280 


563 


844 


1138 


1413 


T699 


1986 


3374 


115 


383 


567 


851 


1137 


1425 


1713 


3003 


2304 


116 


285 


571 


859 


1147 


1437 


1738 


2020 


3314 


117 


288 


676 


H66 


1157 


1449 


1743 


3036 


2333 


118 


390 


581 


873 


1167 


1463 


1757 


3055 


2353 


119 


393 


588 


881 


1177 


1474 


1773 


3072 


3378 


130 


395 


591 


888 


1187 


1488 


1787 

M 


■ 


^ 



^Hi^^* TMB lROH-FOUIf£>ER ^^^^^^ 


^H -WKIOIIT PER LINEAX FOOT OF UOUND COLUMNS. 


^H Ootumns Id Inaho and welsbt of Ona Oneal Foot In Lbs. 


^ 


. 


1 


t 


{ 


1 


u 


li 


11 


n 


1» 


u 


n 


3 


4 


18 


2] 


24 


27 


80 


















n 


3ii 


37 


83 


3« 


40 


48 


46 


49 














80 


9& 


sg 


44 


4U 


04 


59 


63 


67 


70 


73 


76 


79 




as 


40 


46 


58 


59 


65 


71 


7G 


81 


68 


01 


96 


100 




87 


48 


M 


83 


69 


76 


83' 99 


06 


103 


108 


114 


ISO 




43 




61 


70 


79 


87 


00 ■ 103 


111 


118 


130 


ISS 


188 




47 


58 


US 


70 


80 


INj 


108; 117 


135 


184 


143 


150 


167 




03 


64 


78 


B7 


99 


lOU 


130 ; 130 


140 


160 


109 


108 


177 




57 


70 


68 


96 


108 


120 


182 144 


165 


166 


176 


187 


197 




83 


78 


91 


105 


118 


181 


144 107 


170 


183 


108 


306 


310 




87 


8a 


100 


115 


)S8 


143 


157 ! 170 


184 


198 


311 


224 


2S« 


IS 


73 


8S 


105 


132 




154 


169! 184 


109 


214 




343 


300 




76 


on 


116 


131 


148 


184 


181 197 


314 




340 


360 


275 




81 


100 


lai 


188 ' 157 


176 


193 ' 310 




245 


363 


279 


305 




eo 


106 


137 


147 


167 


186 


306 326 


343 


381 


379 


207 


814 




111 


118 


135 


166 


177 


107 ' 318 ; 2BH 




277 


396 


315 


334 


30 


en 


IIU 


143 


185 


187 


308 1 380 ! 351 


373 


298 


814 


834 


353 


21 


101 


125 


14H 


178 


107 


330 .'243 364 


387 


300 


330 


852 


873 


33 


ica 


11(3 


157 


183 


306 


381 , 350 . 376 


3031836 


348 


871 


898 


BH 


m 


188 


164 


1») 


316 


342 1 387 , 393 


817 , 341 


865 


380 


412 


S4 


H6 


14H 


'" 


108 


386 


368 379 , BOO 


881 367 


883 


407 


432 


WEIGHT OP OABTINQS FROM PATTERNS. 


^ 




fflUwoluh, whpncMt.ta 




^^a.a'oT-"'"' 




















CbbUpod 


Zinc. 


Copper 


Braw. 


^^\. 




Lbe. 


LhB. 


LI IB. 


Lbs. 


Lbi. 


Mithngany, Nassnii .... 


10.7 


10.4 


12.8 


13.3 


12.5 


" HoiiduraB. 


13.S 


13.7 


15.3 


14. ff 


10 


BpaniHh... 


e.B 


6.3 


10.1 


9.7 


0.0 


Pino, Rei 




13.5 

16.7 


13.1 
16.1 


14.9 
10.8 


14.3 
10 


14.6 
IS, 6 


•■ WL 


'ie.'.'.'.'.'.'.'.'. 


■' Ye low.: 


14.1 


13.6 


16.7 


16 


10.5 


Oak 




9 


8.6 


10.4 


10.1 


10. » 







^^" MI80ELLANE0UB ITEMS. RBCIPES. ETC. ^^^ 


WEIGHT OP SQUARE COLUSINS. 


No. at lucUee <^uMne^ In Eod Becciou of Coluiun. | 


Sa|»|2sja3|3sJ4o|44|48ti!|s6|so|fii 1 


WeigbU ff Ope Foot in I^nKlll, On.. iBCll Tliiqk, la Ptiunds. 


H»l"l™l-l-H-i"i"l"'l"l» 




eis 


TiT 


BiS 


SxS 


loiio 


11x11 


13x12 


13x13 


14x14 


6x16 


l*xl6 


irii7 


7x11 


8rt 


ta7 


IOj.8 




laJio 


13x11 




15x13 






laxiB 










;!x 8 


iSlB 






16x13 




18x1. 


19x15 1 


Sk3 








3x 7 














soil 4 




liS 


13i4 














Bill 










13x3 


14x4 


5x B 






Sjci 


lSx« 


0x10 


3ixi: 


ii 








1B.3 


6x4 


17x5 


ISxfl 


111x7 


Mia 




■iSxIO 














iflxa 


20k ( 






33x6 


3«10 












Sx S 


30X 4 




33x6 


8x7 




39x9 


■ 














33x1 


331CG 

aix< 


%% 


StaB 


38xS 1 


^K_ 


_ 


^ 







___ 





1 1 








"" 


^^^K No- »' ■"•'bee .»)iitami!d iu End Sectiou of Column. 


^^^B8 1 Ta 1 76 1 80 81 1 SS 1 93 1 DO 1(M 


^^^V WRichr. nf Onp Pnot in T.-ni't.h. Oup Tnnh Thinlt. in PoimriB 


^^^H18 1 £» 1 338 sua ^ 1 S;S 1 988 300 1 313 




^^E^s 


Itelfl 


aosgo 


MiBI 


33x^ 


B8i33 


84x34 


36x36 


S6x3B 1 








33x90 




34xS3 


36x33 


36x34 


S7z3S 












%X31 


36x33 


37x33 


38x34 ' 






88*17 


3W18 


36x19 


38x30 








1 MxH 


Ki15 


Stale 


36x17 


3«it 8 




38x30 






' sbia 




asiiB 








39x19 


30l 






«xl3 






37x15 




39x17 


30x18 


31 X 




3^30 








Still 14 


39xB 


30x16 








3-1x19 


WHO 


27.11 


«8xl3 


39x13 


30x4 




83iia 








iTiB 


B8.10 




301 13 






83x19 








asr B 


£9x9 






3£S3 




34il4 






30x16 




3Dx 8 




83x10 


83, 1 


34x13 


86x13 


30j 








81x7 




33x0 


34x10 












aua 


38i a 


33i7 


34x8 


85x9 




3?ill 






39x18 




BSs B 


3iiB 




30x8 










40X13 


33l9 






3«x6 


8Ti 7 




39il 9 


40i 

















30x7 






43x10 






lira 


3Sxi 


mIs 








48x B 








39x3 


40x 4 


41XS 


43x6 


43x7 


«I8 


^■^^^B^^ 



^H WEIG 



THE UtONFOUNDBB. 



WEIGHT OF SQUARE COLUMNS— Cbndnuwf. 



Ro. «( b>cli» ooDtaioeJ in Eld S«liOD of Column. 


IM 


M8 1 m 1 IIS 1 m 1 IM 1 IS 1 laS 1 IM j 140 1 144 


.« 


Wdfht (rf One Fool in Length, One Inch Thick, in Ponnda. 


OS 


„l„l„l.l.l»l«.l«l«.l» 


MS 



i 40x31 
3 4SxM 



( Sthca 

4lril 

1 4tx« 
9 4%cig 



4t>» « 
44x10 « 



S 44illfl 4^17 



} UxSl 4 
) 44x31) 4 
i 4.M£a 4 



43x38 44x24 4 
44ia, 4Eix3S 4 
4»xaji 4flx2t 4 



4axIIi; 40x9)1 4TxiI I 
4flllH; 4Tx)«i 4BljO 4 



x14| S 
xisl 5 



w 


MIBOELLANBOm STEMS, 


RECIPES, ETC 


^ 


WEIGHT OF SQUiRE PLATES ONE IKCH THICK. 


lOChMi 


PotlBds 


Inched 


Pounds 


InchH 


Ponnda 


IneheB 


Poiinttii 1 


square. 


WeiBlit. 


Bqinre. 


WclBhl, 




Weight. 




Welgl.t 


12 


B7i 


46 


553 


80 


1668 


114 


3388 


13 


44 


47 


576 


81 


1711 


115 


3448 


14 


51 


48 


6111 




1753 


116 


3508 


1,1 


68, 


4B 


626 


83 


1790 


117 


3569 


18 


mi. 


50 


653 


84 


1839 


fl8 


3630 


17 


75 


SI 


678 


85 


1884 


119 


8692 


18 


84 


53 


7U5 


■ 80 


1938 


130 


8764 


lil 


95 




783 


87 


1973 


121 


8817 


20 


104 


54 


760 


83 


3019 


133 


3880 


31 


11.5 


55 


789 


89 


3065 


133 


8944 


33 


lae 


56 


818 


90 


3113 


124 


4009 


33 


138 


57 


847 


81 


2159 


135 


4078 


2i 


150 




876 


H3 


2307 


126 


4139 


as 


IfiS 


59 


807 


83 


3355 


137 


4305 


30 


170 


BO 


989 


94 


3304 


128 


4371 


27 


190 


61 


970 


95 


2353 


139 


4838 


ss 


304 




1003 


96 


3403 


130 


4406 


2B 


219 


03 


loa.i 


97 


2453 


131 


4474 


^^S) 


385 


64 


1068 


98 


2504 


183 


4542 




351 


60 


UOl 


99 


3055 


138 


4613 




267 


66 


1136 


100 


3607 


134 


4681 




384 


67 


IITO 


101 


3659 


136 


4751 




801 


68 


1205 


103 


3713 


136 


4832 




819 


69 


1341 


103 


3T86 


137 


4893 




888 


70 


1277 


104 


2830 


138 


4965 




857 


71 


1314 


105 


3874 


139 


5037 




876 


73 


IS.'B 


106 


2938 


140 


5110 




897 


73 


1389 


107 




141 


5183 




417 


74 


1428 


108 


3041 


143 


5257 




488 


75 


1467 


109 


8097 


143 


5331 


458 


76 


i.we 


110 


3154 


144 


5406 




483 


77 


l.-MO 


111 


3313 








BOS 


78 


1586 


113 


8370 








638 


79 


1637 


118 


3338 









368 



THE mON-FOUNDER, 



WEIGHT OP A SUPERFICIAL SQUARE FOOT EST POUNDS 

FROM A INCH TO 8 INCHES. 



Thick- 
ness. 



A 

i 

i 



li 

If 
li 
i« 
1* 

I' 

2i 

3i 
3 



Cast- 
iron. 


Wrought- 
iron. 


Brass. 


^Copper. 


Tin. 


Steel. 


2-34 


2.52 


2.7 


2.88 


2.35 


2.59 


4.68 


5.04 


5.4 


5.76 


4.71 


. 5.18 


9.36 


10.08 


10.8 


11.52 


9.43 


10.36 


14.04 


15.12 


16.2 


17.28 


14.14 


15.55 


18.72 


20.16 


21.6 


23.04 


18.86 


20.73 


23.40 


25.20 


27.0 ' 


28.80 


23.58 


25.92 


28.08 


30.24 


32.4 


34.56 


28.29 


31.10 


32.76 


35.28 


37.8 


40.32 


33.01 


36.28 


37.44 


40.32 


43.2 


46.08 


37.72 


41.47 


42.12 


45.36 


48.6 


51.84 


42.44 


46.65 


46.80 


50.40 


54.0 


57.60 


47.16 


51.84 


51.48 


55.44 


59.4 


63.36 


51.87. 


57.02 


56.16 


60.48 


64.8 


69.12 


56.59 


62.20 


60.84 


65.52 


70.2 


74.88 


61.30 


67.39 


65.52 


70.56 


75.6 


80.64 


66.02 


72.57 


70.20 


75.60 


81.0 


86.40 


70.74 


77.76 


74.88 


80.64 


86.4 


92.16 


75.45 


82.94 


84.24 


90.72 


97.2 


103.68 


84.88 


93.31 


93.60 


100.80 


108.0 


115.20 


94.32 


103.68 


112.32 


120.96 


129.6 


138.24 


113.18 


124.41 



Lead. 



3.69 

7.38 

14.76 

22.14 

29.52 

86.92 

44.28 

51.66 

59.04 

66.42 

73.80 

81.08 

88.56 

95.94 

103.32 

110.70 

118.08 

132.84 

147.60 

177.12 



MIOELLAKEOUS ITEMS, RECIPES. ETC. 



ssSH 



TABLB SHOWING THE WEIGHT OR PRESSURE A BEAM OF CAST IRON, 
1 InCH IN BREADTH. WILL SUSTAIN. WITHOUT DESTROYJKG ITS 
ELASTIC FORCE, WHEN IT IS SUPFORTED AT EACH END AND 
LOADED IN THE MIDDLE OF ITS LKNUTH. AND ALSO THE DEFLEC- 
TION IN THE MIDDLE WHICH THAT WEIGHT WILL FRODDCE, 

Bi Ur. HooaEiHaoN, HAMitassTEB, £ko. 



t^nelH 


BfeeL 


7r™i. 


Stect. 


Bfeet. 


10 feet. 


Ere 


1i.1S' 


r.^ 


rr 


r^ 


i^e 


r,^ 


Vlt^'V^ 


^'Ti'S?^ 


8 


1,378 


.24 


1,089 


.33 


954 


,426 


855 .54 


765 .66 


81 


1.789 


.205 


1.483 


.38 


1,398 


.365 


1,164; .46 


1,041 .57 


4 


3,873 


.18 


1,930 


.345 


1,700 


.33 


1.520 .405 


1,380, ,5 


4i 


3,Si75 


.10 


3,450 


.317 


3,146 


.384 


1,924 .86 


1.731 


.448 


6 


B,560 


.144 


3,oao 


.196 


3,650 


.356 


3,375 


.33 


3,135 


.4 


6 


5,113 


.12 


4,3.W 


.183 


3,816 


,313 


8,420 


.27 


3,060 


.83 


7 


6,e58 


.103 


5.B39 


.14 


5,194 


.183 


4.656 


.33 


4,165 


.29 


8 


9,088 


.09 


7,744 


.133 


6,784 


.16 


6.080 


.303 


6,440 


.35 


9 






9,801 


.109 


8.588 


.143 


7.695 


.18 


6,885 


.23 


10 






13,100 


.008 


10,600 


.138 


9.500 


.102 


8.500 


.a 


11 










13.828 


.117 


11.495 


.15 


10.385 


.183 


12 










15,361 


.107 


13,080 


.135 


13.240 


.17 


13 














16.100 


.135 


14.400 


.154 


14 














18,600 


.115 


16.700 


.148 




12 feet. 


H feet. 


IGt.Bt. 


laieet. 


20 teat. 


6 


3,548 


.48 


3,184 


.6.^ 


i,9ia 


.86 


1,699 


,.« 


1,580 


1.84 


7 


3,471 


.41 


2,975 


.58 


3,603 


.73 


3,314 




93 


3.083 


1.14 




4,53? 


.30 


3,884 


.49 


3,896 


.64 


3.030 




81 


3,720 


1.00 


B 


6.783 


.33 


4,914 


.44 


4,302 


.57 


3,825 




73 


3,433 


.80 


10 


7,088 




0,071 




5.313 


.51 


4,72£ 




64 


4,250 


.8 


11 


8,d70 


,36 


7.348 


.36 




.47 


5,714 




59 


5,143 


.78 


13 


10,182 


.24 


8.736 


.33 


7,648 


.43 


6,796 




54 


6,120 


.87 


18 


11,&71 


.23 


10,360 


.81 


8,978 


.89 


7,980 




4i 


i.m 


,61 


14 




.31 


11,900 




10,413 


.36 


9.355 




46 


8,330 


.57 


15 


15.987 


.19 


18,660 


.26 


11,953 


.84 


10.624 




43 




.53 


16 


18.128 


.18 


15,536 


.34 


13,584 


.83 


13,080 




40 


10.880 


.6 


17 


30.500 


.17 


17,600 


.33 


15,353 


.30 


13,647 




38 


12,283 


.47 


18 


22,933 


.16 


19,056 


.21 


17,208 




15,700 




m 


13,753' .44 



NoT«.— Thl8 table fihows the greiileat weigh! ihiit erer pught to be laid upon 
1 beam for permarent load; hdi! it there ba any KHbUity to Jerks, etc., ample 
illowance muBt be niado; also tbe weight of the beam itaalt muat be included. 



INDEX 



^prentices, relalmg to 4 

!, what age is beat 8 

juliceship, by indenture 14 

>, object of 18 

i-irons 397,303. 337,380 

IS and strops for spindle 150, 817 

B 

Bcking out the thickness 345 

Bftlla, weight of last-iron 363 

Barrels or arbors for cores, how to make tlicm 137, 269,278 

EasiDS for pouring, how they iuQuence pressure 109 

Bead smoothers 34 

Beams, Hodgkioson's table of 869 

Beams, etc., lo cast straight Bl, 84 

Bearings or joints, to make safe 217, 333, 281 

Bearing-studs, Importance of 169 

Bed, to level 38 

Beacli rammer, to make 28 

Bend-pipes on end in loam 234 

Bedding-In for dry snod 173 

Bedding-in to be avoided, sometimes 45 

Bedding, round and square patterns 29 

Bevel and mitre wheels from a pattern, to mould 312 

Bevel-wheels without a full pattern 805 

Blacking mixture 881 



1 



Blficklog for lonni-work, liow lo use 160, 381 

BloHt-f uruiLC«3, for hmeliing, liow manftgeiJ, etc 66 

Blouk- print and core S47. 349 

Buckling, causes of 31 



I Cisi 

^H Cla 
^h Ob. 



Cage-iron for Jacket-core 257 

Calcination of iron ores, furnaces and kilns for 65 

Cannon, cause of HpougiQCRS in tbe bore 73 

Car-whetQ scrap, how to grade 115 

Carriage for oven 61 

Casingafor dry-sand work 204. 267 

Casings, improvised 180,320 

Casings for kettles and pans In loam 186 

Casings for pipes in loam 315 

C&siags, bow to prepare for lugs and brackets 190 

Castings. cMllcd 114 

Castings, clean, how to produce 236 

Oastings, well finished, how to obtain 46 

Castings, to mend 855,866 

Cast-Iron alloys 353 

Cast-iron patterns made from models, casts, and carved blocks.. 344 

Caat-iron, nature and properties of 68 

Centre and spladle 816 

Centre, bow to set a, for green-sand work SIB 

Chains snd ropes 355 

Chnplets, table of studs and S58 

Charcoal-iron 116 

Cheeks, to carry 344 

Chilled castings, to mix iron for 114 

Chucks 818 

Chucks, may be dispensed with by using gaggers 27 

Cinder-bed, use of 806, 310 

Circular plates, weight of. 854 

Cisterns in loam, to mould 161 

Cisterns, capacity of 357 

Clamps, bow to make them 31 

Clay for moulding purposes 287,241 

bushing 



!, weights of round S( 

i, weigiits of square 365, 3< 

i with heavy baaua and heads, how to prevent shrinkage 

i, rouud, to keep straight ( 

Columns, square, to keep atraigbt I 

Oondeusera in loam, to mould II 

CoDtraction, instnictioiiB relaliug to ' 

Cooling of Iron, influence of rapid and slow 6B,' ' 

Cope, for use ou Uie floor '. 

Cope-iinga, for loam- work 168, 166, 165, 193, 313, 3! 

Copes, weight required on I 

Cope, to build in loam 163, 181, 194, 305. •£ 

Cope, to bind or stiffen B 155, 181, 194, 205, Z 

C<»)9B, anchors for 183, 2! 

Cores, arbors for..lS9, 130, 181, 183, 216, 333, 363, 378, 297, 803, 8! 

Corea, improvised boxes for 186. 332, S! 

Cores, built up with bricks and used horizontally 146, 3: 

Cores, how to construct barrela for difficult !• 

Cores, how to blacken loam 160, li 

Cores, how to strike up loam 139, 141, 156, 157, 2! 

Cores, on barrels for elbow-pipea 1' 

Oore-sand mixtures. ll 

Cores for dry-sand work. 21 

Cores for bevel -wheels, green sand 8i 

Cores, wooden, sliffenersfor 1; 

Cores, loam, on barrels 137, 3: 

Covering- plates, lo secure bricks ia 167, li 

Cross for loam -work, lifting 155, V 

Crown-plate of core in loam, how lo prepare a 1' 

Crystals, howfoimed i 

Crystallizalion and shrinkage of cast-iron < 

Cupola, a kuowledge of. Indispensable 

Cylinder in loam, to mould 148, li 

Cylinder-mould, how to set cores in 1 

Cylinder-mould, how to set ateam-cheat. etc li 

Cylindrical work in top and bottom flasks, to mould 3 



Damper and racks for oven 60 

Decitnul equlvalcota of an incli 3S8 

Desiguiug castings, ri,*MSODa for exercising care iu 71, TO 

Drawbacks 47 

Diawbacks. arbors for. S4S 

Drawing a simple job on a levelled bed 33 

Dicing loam -work with fire-kettles 187 

Dry-sand moulding, mconiugof 338 

Drr-sttud, moulding guns, hydraulic cylinders, etc., iu 264 

Dry-sand work, chaplets and studs for S55, 261 

Dry-sand work, facing, ramming, venting, and llnialiing. 840 

Dry-sand work, flasksfor 239, 287,274 

Dry-sand work, galea and risers for... 347,265, 275,279,283 

Dry-sand work, green-sand facing not suitable for 340 

Dry-sand work, iiow to repair broken parts In , 255 

Dry-saud work, less venting and gaggering required lor. 243 

Dcy-aand work, not necessary to cool the iron for 235 

Dry-sand work, paste or any damp preparation unsafe in 264 

Dry-sand work, sands and clays for 237 

Dummy-block 253 



' Education, advantages of 8 

Kducated moulders IS 

Elbows, bends, and branch-pipes in loam 808, 234 

Elbow-pipes on end in loam, to make 337 

Employers. Injustice of some IS 



Facing-sand, bow to apply SO 

Feeding castings explained 7S 

Finishing tools, artistic 80 

Flange-smoothers 34 

riask-bara, (o wedge In, Iron or wood 43, 48 

ElaakB, illfferent methoila of handling 40, 2M 

Flasks, expansion 



uks, hinged 40 

n parts 38, 344, S88 

i, inierchangeable 38, 40 

), jobbiag, how lo make 39, 40, 344 

I, for amiill work 87 

camBdeof wood 44 

Uks, made up of loosti sidea, eada, and bars 43 

,a for spindle-work 274 

r, to miike 28 

te-smootliers 34 

indiy oTeus, to loeiite, etc 5Z 

mdries, what we see in 9 

ir puddling iron 68 

iDdatioD-platc for loam-work 148, 176, 160, ISS, 19% SOS 

ea, cleanlineaa in 6 

IB of anluch ia decimals 858 

Q 

, how to make and how to uae S6 

t, arrangement of, for pin lea, etc 79 

iov runners 399 

iitea for cyllndera in loam 156 

Green-sand cores 298, 337 

Green-sand moulding 284 

Grooves in core-barrels, how lo make 369 

Osuge-stick 153 

Gudgeons for core-barrels 271 

Ouidea for loam-work 108, 193 

Guns, patterns for , S68 

H 

Hinged clieoks, detailsof, and Low to secure 48, 49, 60 

Hinged cheeks, used for a panelled column 47 

Hinged fiftsks 40,299 

Hinges, details of, very simple to apply 01, 03 

Hook-bolts, use for 166, 178 

Hotii'ou, importance of SS6 

Hot-well in loam, building core for 194, 198,801 
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Hot-well in loam, pattern for 193 

Hydraulic cylinders, long cores for 273 



I 

Iron, cold-blast, hot-blast, different kinds of 70 

Iron ores, kinds of 64 

Iron ore, methods of calcination 65 

Iron ores, analysis of impurities contained in . . 65 

Iron, to grade 116 

Iron, to mix 114 

J 

Jacket-cores, how to make 256 

Jobbing-pipes, to make 824 

K 

Kettles and pans in loam, to mould • 180 

Kettles off the casing whilst hot, how to lift 189 

Kish, where found and how caused 68 

L 

Level, a good one necessary 23 

Levelling a bed, how to do it 23 

Lifters, or cleaners 33 

Literature, foundry 5 

Loam mixtures 126 

Loam, to mould a cylinder with steam-ways, foot and end cast 

on 164 

Loam, when it is best to make the job in 171, 172 

Loam, skinning or finishing 152, 155, 181, 188, 280 

Loam-moulders, how to train 171, 174 

Loam-moulding, classes of 148 

Loam-mouldiug from a complete pattern '. . 171 

Loam-moulding, how to lay bricks for... 152, 154, 155, 180, 188, 211 

Loam-moulding, principles of 147, 174 

Loam- moulding, sweeps for 151, 217, 225 

Loam-plate, to lay out, on the bed 24 






■work, brancbee and brackels lo build and secure la 1 

work, bulldiog rings for 181, 184, IS4, 2 

■work, cnsiags fur 1 

'Ork, coveriug-plutes for. . . 157. 166, 167, 178, 163. 184, li 
197, ]»B, 200, 209, 3 

work, crown pkte for core iu 1 

Loam- work, curbs or lauk- plates for 1 

Iioam-work, fised centreB for 1 

Loam-work, forming a tbickness in 180, 3 

Loam-work, gates and risers for 182, 196, 307, 219, 2 

Loam-work, horizontal Epiudiea for 3 

Loam-work, liow to dress and finish 1 

Loam-work, how to secure 161, 170,174, 170, !81, 197, 207, S 

Loam-work, how to secure intricate places in 1 

Loani-work, ramming up 162, 2 

Loam-work, pilsfor 1 

LoBtD-work, spindles for 149, 2 

Loam- work, vents under 182, 180, 198, 2 

Loam-work, to bind and lift sections of 176, 177, 3< 

Loam-work, to dry 2« 

IjOam-work, to save ramming in 1: 

Iioam-work, to separate joints and scaliugs in 153, 168, 180, 11 



Manganese in iron 

Match-board i 

Materials, analysis of • . . 

Haterials, strength or I 

Melting-points I 

Hraisuration, useful rules in £ 

Metals, weight of one cubic inch of different I 

Metals, weight of a square foot of i 

Mixtures of cast-iron 70, 1 

Models. lempIetB, plaster-cttsts, and curved blocks, lo make pat- 
terns from I 

Mottled iron 

Moulder, a first-class 

Moulders, bow made 



Moulders, their right position 8 

Mouliiera' tools, their use and their abuBO 20 

Moulders ahoul J bo draugblsmeu 13 

Mouldera, piisl, present, nnd future I 

Moulding a waler-cylinder ia loam 175 

MouJdiug- boxes 87, 239, 244, 274 ' 

Moulding in dry-sand 333 ' 

Moulding small castings 833 ' 

Mimlds, broken, to re-form or mend .^^^^J 

Moulds, pi'essurea in j^^^^f 

Numbers 1, 2, and 8 pig-iron, why classed as such 68 

Nuts cast iu loam-plutcs 169 

O 

Ovens, carriage and rigging, details of 59, 63 

Oreos, kinds of fuel for, and methods of firing 57 

Ovena, smnll ones very useful 54, 61 

Ovens, to locate, etc 03 

OveuB, tracks and road-bed for SJ | 

Oveuit, wkcie to plaoe the furnace, aiTHngemonIs for draughts, ^^^^M 

Parallel straight-edges, moulders should have SB 

Pattern for bevel-wheel, how to make a 314 

Pattern for square column 398 

Patterns made with templet and strickle 310 

Pattern, weight of casting from. S64 

Phosphorus in iron 70 

Pig-iron, analysis and classidcation of 67 

Fig- iron, bow pradueed 66 

Pins and keys for Sasks 88 

Fina for wooden finsks 884 i 

Fipes and columns, a novel method of moulding 886 | 

Pipes in green-sand. Irregular-shaped 8S4 




ta in loam, thickness to apply on 211, 3 

IS in loam witlioul cliapibls or ECuds 2 

Pipes for Tenia 170, 264, SM, 2 

Pipes, weight of 359-8 

Pit for dry-aaud work, a small Z 

Port, eiiianBl, and steam-chest cores. Low lo make. . . .250, 351, 3 

FresAureG in cylindiical and spher[cal moulds 104, I 

Pressures in moulds, laws governing 88, 1 

Pressure, influence which risers, or Qow-galcs, have on 1 

Pressure, table showing the amount of 1 

Pressures under copes and cores 99, !■ 

Prickers, use of, in loam-work 168, 178, 183,196, 215, 2 

Propeller- wheel, to form the hub 2 

Pulley patterns, different kinds of 2 

Pulleys, arbors for 28B, 288, 288. 2 

Pulleys, to mould S 

Pulleys, to mould double-armed 21 

Pulleys, to mould, from sweeps and cores 3 

Pulleys, to split 3 

R 

Racks for cores, ou the carriage and in the oven 

Rammers, the right use of 

Ramming loaoi-work iu the pit 1 

Ramming round and square patterns. 

Relative stiffness of mateiials 8 

Ri^mg for cores 126,222, 297, 3 

Ring-bolt 

Risers, how to apply, dangers arising from 163, 183, 343, 3 

Risers, what allowance to make for 1 

Rodnian gtiii, to mould a 3 

Roll flasks, how to make 2 

Rolls, how lo gate 2 

Rolls, mixtures for 1 

Runners and risers for pans 183, I 

Running-bHsin for cylinder in loam 1 

Rnuuing- basins or runners 1 



Stud for cores, rolztarea, etc 131, 802 

Bund for moulding 123,387 

Scabbing, what causes 81 

Scrnp, how to grade, for mixing 116 

Screw-driver, iudiapensable to a moulder 23 

Screw-propeller In loam, lo mould a 308 

Screw-propeller, to form the blades. , , , . . 3DS 

Screw-propeller, to conatruct the cope, 305 

Screw-propeller, liow to make apiodle for a 804 

Sepumling purls ID loam.. .153, 168, 17S, 177, 130,193,208, 218,280 

Shrinkage. tostnictioDH relating to 73 

Silicon in iron 70 

Slings for loam-work 156, 1B7 i 

Small work, moulding 883 

Smoothing, danger of too much 81,84 



Snap-flaak. work for 333 

Splegelelsen, how produced 64 

Spleguleiscn, what uso to make of 113 

Spindle and centre 816 

Spindle-arm and BWeep-atraps 150, 817 

Spindle attachment for moulding bevel-wheels 811 

Spludlea or centres for pan-casiiigB 187 

Spindle for green-saad work, how to set a 306 

Splicing core-baiTels , S73 

Bpur-wheel from a segment and spindle 31S 

Spur-wheels, how to make truo 819 

Spur-wheels of different depths from the same pattern 323 

Square, useof 24 

Situare and rectangular columns, to make 297 

Square plates, weight of 3Q7 

Staking or guide-pieces for flasks 41 

Steam-cylinder In dry-sand, to mould a S43 

Steam-cylinder, how to aet port-core in S55 

Steam-cylinder In dry-saod, cores for 260 

Steam-cylinder, to make pattern for 247 

Steam-cylinder, jacket-cores for 3G6 

Steam-cylinder, to form a pouriog basin for 247 

Studs built la cores 310 



INDEX, 881 

PAGB 

Studs, safe method for securing 211, 213, 216, 261 

Studs to be avoided 174, 255 

Sulphur in iron 70 

Surface, how to produce an even ^ 30, 35 

Swab, useful if properly used *. 26 

Sweeps for green-sand work 307, 314 

Swivels 40,42 

Swivels for casings 187 

T 

Tanks in loam, to mould 191 

Technology, schools of 1, 14 

Teeth of wheels, to mould 309, 320 

Templet for pipe 209 

Thickness, how to form a, in loam 180, 201 

Thickness, how to use the clay 345 

Trades'-unions as educators 14 

Trammels, the moulder should have 23 

Trammels, use of 25 

Tripod, use of the 272 

Trowel, heart and square 31 

Trowels, old ones very useful 31 

Trowels, square, how many required 30 

U 
Unions, a good use for • 19 

V 

Vents, how to secure 170, 252, 261, 263 

Vents in casings, how to make 186 

Vent-wires, how to make them 26 

Venting kettles and pans 182 

Venting wheel teeth 310 

W 

Warping, instructions relating to 76 

Water, a too free use of, to be avoided 26 

Wat^r-barrel for ^un-casting , , , ,....,. 264 
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PAOB 

Water-cylinder, how to mould a 176 

Weakness, planes of, in castings 78 

Web-smoothers, or upsets 83 

Wedges, how to make them ; « 23, 161 

Weight of a square foot of metals 368 

Weight of castings from patterns ,« 864 

Weights of different substances 857 

Weight of one cubic inch of different metals 856 

Weights of pipes, table of 659-363 

Weights of round columns, tableof 364 

Weights of square columns.... 365, 366 

Weights of square plates, table of 867 

White iron 68 

Window -sashes, wrong designs for , 87 

Wooden flasks, how to make 44 

Wooden flasks, to preserve the Joints of 44 

Wrench, indispensable to a moulder 2d 
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